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(54) Title: HYPOIiPIDAEMIC COMPOUNDS 

(57) Abstract 

The invention provides 
a compound of formula (I), 
wherein 1 is an integer of 
from 0 to 4; n is an integer of 
from 0 to 2; X is an aromatic 
or non-aromatic monocyclic 
or bicycHc ring system having 
from 5 to 10 carbon atoms 
(including the two carbon atoms 
forming part of the thiazepine 
ring) wherein optionally one 
or more of the carbon atoms 
is/are replaced by hetcroatom(s) 
independently selected from 
nitrogen, oxygen and sulphur, 
with the proviso that at least 
one of R, R* R 4 and R 5 is 

hydroxy or a group containing hydroxy; and salts, solvates and physiologically functional derivatives thereof, pharmaceutical formulations 
comprising such compounds, processes for their preparation and their use in reducing bile acid uptake and hence as bypolfpidaenric agents. 
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. 1 

HYPOLIPIDAEMIC C0MPP1JNPS 

The present invention is concerned with new hypolipidemic compounds, with processes 
and novel intermediates for their preparation, with pharmaceutical compositions containing 
them and with their use in medicine, particularly in the prophylaxis and treatment of 
hyperlipidaemic conditions, such as atherosclerosis. 

Hypolipidamic conditions are often associated with elevated plasma concentrations of low 
density lipoprotein (LDL) cholesterol and very low density lipoprotein (VLDL) cholesterol. 
Such concentrations may be reduced by decreasing the absorption of bile acids from the 
intestine. One method by which this may be achieved is to inhibit the bile acid active uptake 
system in the terminal ileum. Such inhibition stimulates the conversion of cholesterol to bile 
acid by the liver and the resulting increase in demand for cholesterol produces a 
corresponding increase in the rate of clearance of LDL and VLDL cholesterol from the 
blood plasma or serum. 

There has now been identified a novel class of heterocyclic compounds which reduce the 
plasma or serum concentrations of LDL and VLDL cholesterol and in consequence are 
particularly useful as hypolipidaemic agents. By decreasing the concentrations of 
cholesterol and cholesterol ester in the plasma, the compounds of the present invention 
retard the build-up of atherosclerotic lesions and reduce the incidence of coronary heart 
disease-related events. The latter are defined as cardiac events associated with increased 
concentrations of cholesterol and cholesterol ester in the plasma or serum. 

For the purposes of this specification, a hyperlipidaemic condition is defined as any 
condition wherein the total cholesterol concentration (LDL + VLDL) in the plasma or serum 
is greater than 240mg/dL (6.21mmol/L) (J. Amer. Med. Assn. 226, 20, 2849-2858 (1986). 
USP 3362,962 describes a genus of benzothiazepines outside the scope of the present 
invention which have muscle-relaxant and anticonvulsant activity; there is no disclosure in 
the patent specification that the compounds described therein may be useful as 
hypolipidaemic agents. 

According to the present invention, there is provided a compound of formula (I) 
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2 



. wherein 




1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy, aryl, 
heteroaryl, aryloxy, arylalkoxy, aralkyl, alkaryl, -OtCf^SOsR 1 !, -0(CH2)pNRl 1r12 
-0(CH 2 )pN+Rl 1R12R14, . CO r1 1, -CO2R 1 \ -CONR 1 1r« -CH 2 ORH, -NR 1 Ir", 
-NHCOR 1 1, -NHS0 2 R n , -SRl l 9 -SO2R 1 ! , -SO2NR 1 1R12 and -SO3R 1 1 or R is a group 
-OCH2O- which forms a further ring attached to X wherein p is an integer of from 1 to 4, 
R 1 1 and R 12 are independently selected from hydrogen, Cj.^ alkyl and phenyl and R 14 is 
hydrogen or alkyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups 
selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -COR 11 , -CO2R 11 , -SO3R 11 
wherein R 11 is as hereinbefore defined and -NR 14 R 15 wherein R 14 is as hereinbefore 
defined and R 15 is hydrogen or C\„$ alkyl; 

R 1 is hydrogen or alkyl; 

R 2 is an atom or group selected from hydrogen, alkyl (including cycloalkyl and 
cycloalkylalkyl), C1.4 alkoxy, pynyl, thienyl, pyridyl, U-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, phenoxy, 
benzyloxy, -COR 1 1, -CO2R 1 ! , -CONR 1 1r12, -CH2OR 11 , -NR"Rl2 -NHCOR 1 1, 
-NHSO2R 11 , "SR 1 K -SO2R 1 1 -SO3R 1 1 (wherein R 1 1 and R 12 are independently selected 
from hydrogen, Cj_6 alkyl and phenyl), -0(CH 2 ) NR 1 iR 12 , -0(CH 2 ) N+R 1 iR^RlS ^ 
-0(CH2) SO3R 1 1 (wherein p is an integer of from 1 to 4, R 1 1 and R*§ are as hereinbefore 
defined and R 1 ^ is hydrogen or C j.g alkyl); 
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R 3 is hydrogen, hydroxy C\.$ alkyl, alkoxy or -O-Cj-g Acyl; 

R 4 is a group independently selected from Cj-g alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, oxo, -OR 14 , -CCbR 14 , 
-NR14r15, -SRI 4 , -S(0)Ci_6 alkyl, -SO2R 14 and -S0 3 Rl4 (wherein R* 4 and Rl5 are as 
hereinbefore defined); 

R5 is a group independently selected from C2-6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, oxo, -OR* 4 , -CO2RI 4 , 
-NRl 4 Rl5 -SRI 4 -S(O) C1.6 alkyl, -S0 2 R 14 and -SO3RI 4 (wherein Rl 4 and Rl5 are as 
hereinbefore defined) ; ■ 

or R 4 and R^, together with the carbon atom to which they are attached, form a C3.7 spiro 
cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, -CO2R 14 , -SO3R 14 and -NR 14 R 15 (wherein R 14 and 
Rl5 are as hereinbefore defined); 

R6 and R 7 are independently selected from hydrogen and Cj_6 alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two carbon atoms forming part of the thiazepine ring) 
wherein optionally one or more of the carbon atoms is/are replaced by heteroatom(s) 
independently selected from nitrogen, oxygen and sulphur, 

or X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two carbon atoms forming part of the thiazepine ring) 
wherein one or more of the carbon atoms is/are replaced by heteroatom(s) 
independently selected from nitrogen, oxygen and sulphur 

with the proviso that at least one of R, R 2 , R 4 and R 5 is hydroxy or a group containing 
hydroxy; 

and salts, solvates and physiologically functional derivatives thereof. 
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Preferably the present invention provides a compound of formula (la): 




(la) 



wherein ^ 
1 is an integer of from 0 to 4; 

n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy, aryl, 
heteroaryl, aryloxy, arylalkoxy, aralkyi, alkaryl, -COR 1 1, -CO2R 1 1 , -CONR 1 ! R 12 
.CH2ORll,.NR^R 12 ,-NHC0R^,-NHS02R 11 ,-SRll,.SO2R u and-SOsR 11 wherein 
R 1 1 and R 12 are independently selected from hydrogen, alkyl and phenyl, wherein said 
alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, aralkyi and alkaryl groups are optionally 
substituted by one or more atoms or groups selected from halogen, hydroxy, nitro, nitrile, 
alkyl, alkoxy, -COR 11 , -CO2R 11 , -SO3R 11 wherein R 11 is as hereinbefore defined and - 
NR 14 R 15 wherein R 1 4 and R 1 5 are as hereinbefore defined; 

R 1 is hydrogen or C]_6 

R 2 is an atom or group selected from hydrogen, alkyl (including cycloalkyl and 
cycloalkylalkyl), Cj^ alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, phenoxy, 
benzyloxy, -COR 11 , -C0 2 R u , -CONR^R 12 , -CH2OR 1 1 , -NR 1 1 R 1 2 , -NHCOR 11 , 
-NHSO2R 1 1 , -SR 1 1 , -SO2R 1 1 , -SO3R 1 1 (herein R 1 1 and R 12 are independently selected 
from hydrogen, C]^ alkyl and phenyl), -0(CH 2 ) NR 1 iR 12 -0(CH2) N+R 1 iR 12 R 13 and 
-0(CH2) SO3R 11 (wherein p is an integer of from 1 to 4, R 11 and are as hereinbefore 
defined and R 13 is hydrogen or Ci _6 alkyl); 

R 3 is selected from hydrogen, hydroxy and C].6 alkyl; 
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R 4 is a group independently selected from Cj.fi alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl and C2.6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, -OR 14 , -CO2R 14 , 
-NR 14 Rl5 and -SO3R 14 (wherein R 14 and R 15 are independently selected from hydrogen 
and Ci_6 alkyl); 

R5 is a group independently selected from C2-6 a^y 1 (including cycloalkyl and 
cycloalkylalkyl), C2.6 alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, -OR 14 -CO2R 14 , 
-NR 14 R*5 and -SO3R 14 (wherein R 14 and R*5 are independently selected from hydrogen 
and C]. 6 alkyl); 

or R 4 and R^, together with the carbon atom to which they are attached, fonn a C3.7 spiro 
cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, -OR 14 , -CO2R 14 , -SO3R 14 and -NR 14 r!5 ( w here 
R 14 andRi5 are as hereinbefore defined; 

R 6 and R 7 are independently selected from hydrogen and Ci_6 alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system 

having from 5 to 10 carbon atoms (including the two carbon atoms forming part of the 
thiazepine ring) wherein optionally one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur, 

with the proviso that at least one of R, R 2 , R 4 and R 5 is hydroxy or a group containing 
hydroxy; 

and salts, solvates and physiologically functional derivatives thereof. 

Phannaceutically acceptable salts are .particularly suitable for medical applications because 
of their greater aqueous solubility relative to the parent, ie basic, compounds. Such salts 
must clearly have a pharmaceutially acceptable anion or cation. Suitable phannaceutically 
acceptable acid addition salts of the compounds of the present invention include those drived 
from inorganic acids, such as hydrochloric, hydrobromic, phosphoric, metaphosphoric, 
nitric, suiphamic and sulphuric acids, and organic acids, such as acetic, benzenesulphonic, 
benzoic, citric, ethanesulphonic, fumaric, gluconic, glycollic, isothionic, lactic, lactobionic, 
maleic, malic, methanesulphonic. succinic, jHoluenesulphonic, tartaric and trifluoroacetic 
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acids. The chloride salt is particularly preferred for medical purposes. Suitable 
pharmaceutical^ acceptable base salts include ammonium salts, alkali metal salts, such as 
sodium and potassium salts, and alkaline earth salts, such as magnesium and calcium salts. 

Salts having a non-pharmaceutically acceptable anion are within the scope of the invention 
as useful intermediates for the preparation or purification of pharmaceutically acceptable 
salts and/or for use in non-therapeutic, for example, in vitro, applications. 

The term "physiologically functional derivative" as used herein refers to any physiologically 
acceptable derivative of a compound of the present invention, for example, as ester, which 
upon administration to a mammal, such as a human, is capable of providing (directly or 
indirectly) such a compound or an active metabolite thereof. 

A further aspect of the present invention is prodrugs of the compounds of the invention. 
Such prodrugs can be metabolised in vivo to give a compound according to the invention. 
These prodrugs may or may not be active in their own right 

The compounds of the present invention can also exist in different polymorphic forms, for 
example, amorphous and crystalline polymorphic forms. All polymorphic forms of the 
compounds of the present invention are within the scope of the invention and are a further 
aspect thereof. 

The term "alky!" as used herein refers, unless otherwise stated, to a monovalent straight or 
branched chain radical. Likewise, the term "alkoxy" refers to a monovalent straight or 
branched chain radical attached to the parent molecular moiety through an oxygen atom. 
The term "aryl" refers to an aromatic monocyclic or bicyclic ring system comprising from 6 
to 10 carbon atoms and optionally substituted by one or more atoms or groups selected from 
halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -COR 11 , -CCbR 1 K -SO3R 1 1 wherein R 1 1 is 
as hereinbefore defined and -NR 14 Rl5 wherein R 14 and R 1 ^ are as hereinbefore defined. 
The term "heteroaryl n refers to an aromatic monocyclic or bicyclic ring system comprising 
from 5 to 10 carbon atoms wherein one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur, which ring system 
is optionally substituted by one or more atoms or groups selected from halogen, hydroxy, 
nitro, nitrile, alkyl. alkoxy, -COR 11 , -CO2R 11 , -SO3R 11 wherein R 11 is as hereinbefore 
defined and -NR 14 R*5 wherein R 14 and R 1 * are as hereinbefore defined. The term 
"aryloxy" refers to an aryl group as herein defined attached to the parent molecular moiety 
through an oxygen atom. The term "arylalkoxy" refers to an aryl group as herein defined 



WO 94/18184 PCT/GB94/00314 



attached to a divalent Cj-g alkylene group which is itself attached to the parent molecular 
moiety through an oxygen atom. The term "aralkyl" refers to an aryl group as herein defined 
attached to a divalent Ci^ alkylene group which is itself attached to the parent molecular 
moiety. The term "alkaryl" refers to an alkyl group as herein defined attached to an aryl 
group as herein defined which is itself attached to the parent molecular moiety. The term 
"halogen" refers to Fluorine, Chlorine, Bromine and Iodine. 

The compounds of formula (I) can exist in forms wherein one or more of the carbon centres - 
C(R6)(r7)_, -C(R4)(R5)- and -C(Rl)(R2)- is/are chiral. The present invention includes 
within its scope each possible optical isomer substantially free, je associated with less than 
5%, of any other optical isomer(s), and mixtures of one or more optical isomers in any 
proportions, including racemic mixtures. 

For the purposes of this specification, the absolute chiralities of -C(R 4 )(R5> and 
-C(R1)(R2)- are given in the order -C(R 4 )(R 5 )-, then -C(R1)(R2)-. For example, the prefix 
M (RS>" denotes an (R>configuration at -C(R 4 )(R5)- and an (S)-configuration at -CfR 1 )^)- 
and the prefix "(RS^R)-" denotes a mixture of two isomers wherein one is (R)- at - 
C(R 4 )(R5> and (S)- at -C(Rl)(R2)- and the other is (S> at -C(R 4 )(R5> and (R> at - 
CCR 1 )^)-. Other permutations will be clear to the skilled person. 

In those cases where the absolute stereochemistry at -C(R 4 )(R5)- and -C(R 1 )(R 2 > has not 
been determined, the compounds of the invention are defined in terms of the relative 
positions of the R 4 /R 5 and R^/R 2 substituents. Thus those compounds wherein the bulkier 
of the R 4 and R 5 substituents, k the substituent of higher mass, and the bulkier of the R 1 
and R 2 substituents are both located on the same side of the thiazepine ring are referred to 
herein as "sis", and those compounds wherein the two bulkier substituents are located on 
opposite sides of the ring are referred to as " trans ". It will be evident to a skilled person that 
both "ds" and "iians" compounds of the invention can each exist in two enantiomeric forms 
which are individually designated "(4-)-" or "(->" according to the direction of rotation of a 
plane of polarised light when passed through a sample of the compound. £i$ or trans 
compounds of the invention in which the individual enantiomers have not been resolved are 
referred to herein using the prefix "(+-)-". 

Preferred compounds of formula (1) having particularly desirable hypolipidaemic properties 
include those wherein 



lis 0, Kor2; 
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n is 1 or 2: and 

R 1 , R 6 and R 7 are all hydrogen; 
R 3 is hydrogen or OH. 

Of these, the trans isomers of those compounds wherein 

(i) 1 is 0 or 1; 
n is 2; and 

R 4 and R^ are groups independently selected from C\ m £ alkyl (including cycloalkyl 
and cycloalkylalkyl), C2-6 alkenyl and C2-6 alkynyl, wherein said alkyl, alkenyl, or 
alkynyl group may be substituted by one or more hydroxy groups, or R 4 and R 5 , 
together with the carbon atom to which they are attached, form a C3.7 spiro 
cycloalkyl group which can be substituted by one or more hydroxy groups; 

(ii) lisOorl; 
n £s 2; 

R2 is a phenyl group which may be substituted by one or more atoms or groups 

independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, 

phenoxy, benzyloxy, -COR* 1 , -CO2R 1 1 , -CONRl lR*2 -CH 2 ORl 1 , 

-NRl lRl2, -NHCORl 1, -NHSO2R 1 ! , -SR", -SO2R 1 J , -SO3RI 1 (wherein RH and 

Rl2 are independently selected from hydrogen, alkyl and phenyl), 

-0(CH2) NRl 1R12 -0(CH2) NR + 1 *R12r13 -0(CH2) SO3RI * (wherein p is 

an integer of from I to 4, R*ll and R 12 are as hereinbefore defined and is 

hydrogen or C^g alkyl); 

R 4 and R 5 are groups independently selected from Cj.g alkyl (including cycloalkyl 
and cycloalkylalkyl), C7-6 alkenyl and C2-6 alkynyl, wherein said alkyl, alkenyl, or 
alkynyl group may be substituted by one or more hydroxy groups, or R 4 and R^, 
together with the carbon atom to which they are attached, form a C3.7 spiro 
cycloalkyl group which can be substituted by one or more hydroxy groups; and 



WO 94/18184 



PCT/GB94/00314 



9 

(in) 1 is 0 or 1: 
nis2; 

R2 is a phenyl group which may be substituted by one or more atoms or groups 

independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, 

phenoxy, benzyloxy, -COR 1 1, -CC7R 11 , -CONR 1 1r12, -CH 2 OR* 1, 

-NRl lRl2, wNHCORI \ -NHSO2R 1 \ -SK n , -SO2R 1 1 , -SO3RI 1 (wherein R* 1 and 

Rl2 are independently selected from hydrogen, Cj-g alkyl and phenyl), 

-0(CH2) NR n R 12 , -0(CH 2 ) NR + Hr12 R 13 ^ -0(0*2) S0 3 rH (wherein p is 

an integer of from 1 to 4, R? 1 and R 12 are as hereinbefore defined and R 13 is 

hydrogen or C \ _g alkyl); 

R 4 and R 5 are groups independently selected from C\ m $ alkyl (including cycloalkyl 
and cycloalkylalkyl), C2.6 alkenyi and C2-6 alkynyl, which groups can be substituted 
by one or more hydroxy groups; and 

X is a fused phenyl, naphthyl, pyrryl, thienyl, or pyridyl group; 
are particularly preferred 

Compounds of formula (I) having exceptional hypolipidaemic properties include:- 

(+->trans^-ethyl-2,3,^ 
benzothiazepine 1,1 -dioxide; 
(+->trans-H3^thyl-2,3,4,5-tetrahy&^ 
yl-2(R)-2-butanol S,S-dioxide; 

(+->trans- 1 -(3 -ethy 1-2,3 ,4,5-tetrahydro-8-methoxy-5-pheny U 1 ,4-benzothiazepin-3- 
yl)-3-butanol S,S-dioxide; 
(+-)-trans-l-(3-ethyl-2,3,4,5-tetrahydio^ 
yl)-2(R)-2-butanol S,S-dioxide; 

(+->trans- 1 -(3 -ethy 1-5 -(4-fluoropheny l)-2,3 ,4,5-tetrahy dro-7-methoxy- 1 ,4- 
benzothiazepin-3-yI)-2(R)-2-butanol S,S-dioxide; 
(+-)-trans- 1 -(3 -ethy I-5-(4-hydrox^ 
yl)-2(R)-2-butanol S,S-dioxide 0.5 hydrate; 
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(+0-trans-3-butyl-3-ethyl-2,3,4,5-tetrahyd 
benzothiazepine 1,1 -dioxide hydrochloride; 
(+->cis-3-ethyI-2,3A5-tetrahydro-3-(4-hyd 
1 , 1 -dioxide hydrochloride; 
(+-)-trans-3-e%l-2,3,4,5-tetrahydro^ 
benzothiazepine 1,1 -dioxide; 
(+-)-trans-3-butylo-ethyl^ 
benzothiazepine 1,1 dioxide; 

(+-)-trans- 1 -(3-ethyl-2,3,4,5-tetrahydro-5-phenyl- 1 ,4-benzothiazepin-3-yl>4>4,4- 

trifluoro-(2S>2-butanol- S,S-dioxide; 

(+->trans-l-(3-ethyl-2,3,4,5-teti^ydro^ 

yl)-4,4,4-trifluoro-(2S>2-butanol-S,S-dioxide; 

(+->trans-3-Ethyl-23,4,5^ 

benzothiazepine 1,1 -dioxide; 

(+->trans-3-Ethyl-23,4,5-tett^ 

hydroxyphenyl)-l,4-benzothiazepine 1,1 -dioxide; 

(+->trans-l-(3-Ethyl-5-(4-fluorophenyl>2,3,4,5-teti^ydro-l,4- 

benzothiazepin-3-yl)-2(R)-2-butanol S,S-dioxide; 

(+-)-trans- 1 -(3 -Ethy 1-23 ,4,5-tetrahydro-7-methoxy-5-phenyl- 1 ,4 

benzothiazepb-3-yl)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide; 

(+->trans-l-(3-Ethyl-2,3,4,5-tetr^ydro-8-methoxy-5-phenyl-l,4- 

benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-butanol S,S-dioxide; 

(+-)- trans- 1 -(3-ethyl-2,3 ,4,5-tetrahydro-7 ? 8-dimethoxy-5-phenyl- 1 ,4-benzothiazepin- 

3-yI-2(R)-2-butanol S,S dioxide; 

(+->trans-l-(3-Ethyl-2,3,4,5-tetrahydro-7 J 8-dimethoxy-5-phenyI-l,4- 
benzothiazepin-3-ylMA4-trifluoro-2-butanol S,S-dioxide; 
(+-)-trans- 1 -(3-Ethyl-23 ,4,5-tetrahydro-7,8-dimethoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-yl)-3,3,4,4,4-pentafluoro-2-butanol S,S-dioxide; 
(+-)- trans-3-((3-ethyI-2,3 ,4,5-tetrahydro-5-phenyl-3-(4,4,4-trifluoro-2- 
hydroxybutyl)-l,4-benzothiazepin-8-yl)oxy)propanesulfonicacid 1, 1-dioxide; 
(+->trans-3-((3-ethyl-2 ? 3,4,5-tetrahydro-3-(2-hydroxybutyl)-5-phenyIrl,4- 
benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide 1, 1-dioxide; 
(+-)-trans-l-(3-Ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5-phenyl-l,4- 
benzothiazepin-3-yl)-4.4,4-trifluoro-2-butanol S,S-dioxide; 
(+-)-trans-3-((3-ethyl-2,3.4,5-tetrahydro-5-phenyl-3(4,4 ? 4-trifluoro-2- 
hydroxybutyl)- 1 ,4-benzothiazepin-8-yl)oxy)ethyltrunethylammonium iodide 
1.1 -dioxide; 
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(+-)-trans-3-((3-ethyl-2,3A5-tetrahy 
benzothiazepin-8-yl)oxy)propanesulfonic acid 1,1 -dioxide; 
(+-)-trans- 1 -(3-ethy l-2 s 3,4 ? 5-tetrahydro-7,8-diethoxy-5-phenyl-l,4- 
benzothiazepin-3-yl)-2-butanol S,S-dioxide; 
(+-)-trans-l-(3-(2,2,2-trifluoroe^ 

phenyl- 1 ^benzothiazepin-S-ylH^Atrifluoro^-butanol S 9 S-dioxide; 
(+->trans-l-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dihydroxy^ 
benzothiazepin-3-yl)-4 J 4,4-tiifluoro-2-butanol S,S-dioxide; 
(+->trans-H3-ethyl-2,3,4,5-tetrahyd^^ 
benzothiazepin-3-yl> 1 -butanol S,S-dioxide; 
(+-)-trans-l-(3-Ethyl-2,3 > 4,5-tetrahydro-7,8-da 
benzothiazepin-3-yl)-2-butanol S,S-dioxide; 
(+-)-trans- 1 -(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-ylH A^trifluoro- 1 -butanol S,S-dioxide; 
(+->trans-l-(3-ethyl-2,3,4,5-teti^ydro-7,8-dihydroxy-5-phe 
benzothiazepin-3-yl)-2-butanone S,S-dioxide; 

Of the above the following compounds are most preferred:- 

(+-)-trans-l-(3-ethyl-5-(4-fluorophenyl>2,3,4,5-tetrahydro-7-methoxy-l> 
benzothiazepin-3 -y I)-2(R)-2-butanol S,S-dioxide; 

(+-)-trans- 1 -(3-ethyl-2,3 ,4,5-tetrahydro-5-phenyl- 1 9 4-benzothiazepin-3-yl)-4,4 9 4- 

trifluoro-(2S)-2-butanol- S,S-dioxide; 

(+-)-trans- 1 -(3-ethyl-2,3 ,4,5-tetrahydro-7-methoxy-5-phenyl- 1 ,4-benzothiazepin-3- 

ylH > 4,4-trifluoro-(2S)-2-butanol-S,S-dioxide; 

(+-)-trans- 1 -(3-Ethyl-2,3,4 J 5-tetrahydro-8-methoxy-5-phenyl- 1 ,4- 

benzothia2epin-3-yl>4»4 s 4-trifluoro-2(S)-butanol S,S-dioxide; 

(+-)-trans- 1 -(3-ethyl-2,3,4,5-tetrahydro-7 f 8-dime&^ 

3-yl-2(R)-2-butanol S,S dioxide; 



According to further aspects of the invention, there are also provided: 

(a) compounds of formula (I). and pharmaceutical^ acceptable salts, solvates and 
physiologically , functional derivatives thereof for use as therapeutic agents, 
particularly in the prophylaxis and treatment of clinical conditions for which a bile 
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acid uptake inhibitor is indicated, for example, a hyperlipidaemic condition such as 
atherosclerosis; 

(b) pharmaceutical compositions comprising a compound of fonnula (I) and/or one of its 
pharmaceutical^ acceptable salts, solvates, or physiologically functional derivatives, 
at least one pharmaceutically acceptable carrier and, optionally, one or more other 
physiologically active agents; 

(c) the use of a compound of formula (I) or of a pharmaceutical^ acceptable salt, solvate, 
or physiologically functional derivative thereof in the manufacture of a medicament 
for the prophylaxis or treatment of a clinical condition for which a bile acid uptake 
inhibitor is indicated, for example, a hyperlipidaemic condition, such as 
atherosclerosis; 

(d) a method of inhibiting the absorption of bile acids from the intestine of a mammal, 
such as a human, which comprises administering an effective bile acid absorption 
inhibiting amount of a compound of formula (I) or of a pharmaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal; 

(e) a method of reducing the blood plasma or serum concentrations of LDL and VLDL 
cholesterol in a mammal, such as a human, which comprises administering an 
effective cholesterol reducing amount of a compound of formula (I) or of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof to the mammal; 

(f) a method of reducing the concentrations of cholesterol and cholesterol ester in the 
blood plasma or serum of a mammal, such as a human, which comprises 
administering an effective cholesterol and cholesterol ester reducing amount of a 
compound of formula (I) or of a pharmaceutically acceptable salt, solvate, or 
physiologically functional derivative thereof to the mammal; 

(g) a method of increasing the faecal excretion of bile acids in a mammal, such as a 
human, which comprises administering an effective bile acid faecal excretion 
increasing amount of a compound of fonnula (I) or of a pharmaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal; 
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(h) a method for the prophylaxis or treatment of a clinical condition in a mammal, such as 
a human, for which a bile acid uptake inhibitor is indicated, for example, a 
hyperlipidaemic condition, such as atherosclerosis, which comprises administering a 
therapeutically effective amount of a compound of the formula (I) or . of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof to the mammal; 

(i) a method of reducing the incidence of coronary heart disease-related events in a 
mammal, such as a human, which comprises administering an effective coronary heart 
disease- related events reducing amount of a compound of formula (I) or of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof; 

0) a method of reducing the conventration of cholesterol in the blood plasma or serum of 
a mammal, such as a human, which comprises administering an effective cholesterol 
reducing amount of a compound of formula (I); 

(k) processes for the preparation of compounds of formula (I) (including salts, solvates 
and physiologically functional derivatives thereof as defined herein); and 

0) compounds of formula (II) for use as intermediates in the preparation of compounds of 
formula (I). 

Hereinafter all references to "compound(s) of formula (I)" refer to compound(s) of formula 
(I) as described above together with their salts, solvates and physiologically functional 
derivatives as defined herein. 

The amount of a compound of formula (I) which is required to achieve the desired biological 
effect will, of course, depend on a number of factors, for example, the specific compound 
chosen, the use for which it is intended, the mode of administration and the clinical 
condition of the recipient. In general, a daily dose is in the range of from 0.000 Img to 
lOOmg, typically from 0.0001 to 5 mg, per day per kilogram bodyweight, for example 0.005- 
0.5mg/kg/day, preferebly 0.001 to 0.5mg/kg/day. An intravenous dose can, for example, be 
in the range of from 0.001 mg to 0.5 rng/kg, which can conveniently be administered as an 
infusion of from 0.03ng to 50ng per kilogram per minute. Infusion fluids suitable for this 
purpose can contain, for example, from 0.0003ng to 5mg, typically from 0.003ng to 5mg, 
per millilitre. Unit doses can contain, for example, from 0.0 lrag to lOmg of the active 
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compound preferably from 0.1 to 5mg. Thus ampoules for injection can contain, for 
example, from 0.0 lmg to lOOmg and orally administrate unit dose formulations, such as 
tablets or capsules, may contain, for example, from O.Olmg to lOOOmg, typically from 
0.0 lmg to 60mg, preferably 0.1 mg to lOmg. In the case of pharmaceutically acceptable 
salts, the weights indicated above refer to the weight of the benzothiazepine ion derived 
from the salt 

For the prophylaxis or treatment of the conditions referred to above, the compounds of 
formula (I) can be used as the compound pgr. s§, but are preferably presented with an 
acceptable carrier in the form of a pharmaceutical composition. The carrier must, of course, 
be acceptable in the sense of being compatible with the other ingredients of the composition 
and must not be deleterious to the recipient The carrier can be a solid or a liquid, or both, 
and is preferably formulated with the compound as a unit-dose composition, for example, a 
tablet, which can contain from 0.05% to 95% by weight of the active compound. Other 
pharmacologically active substances can also be present including other compounds of 
formula (I). The pharmaceutical compositions of the invention can be prepared by any of 
the well known techniques of pharmacy consisting essentially of admixing the components. 

Pharmaceutical compositions according to the present invention include those suitable for 
oral, rectal, topical, buccal (e.g. sub-lingual) and parenteral (e.g. subcutaneous, 
intramuscular, intradermal, or intravenous) administration, although the most suitable route 
in any given case will depend on the nature and severity of the condition being treated and 
on the nature of the particular compound of formula (I) which is being used. Enteric-coated 
and enteric-coated controlled release formulations are also within the scope of the invention. 
Suitable enteric coatings include cellulose acetate phthalate, polyvinylacetate phthalate, 
hydroxypropylmethylcellulose phthalate and anionic polymers of methacrylic acid and 
methacrylic acid methyl ester. 

Pharmaceutical compositions suitable for oral administration can be presented in discrete 
units, such as capsules, cachets, lozenges, or tablets, each containing a predetermined 
amount of a compound of formula (I); as a powder or granules; as a solution or a suspension 
in an aqueous or non-aqueous liquid; or as an oil-in-water or water-in-oil emulsion. As 
indicated, such compositions can be prepared by any suitable method of pharmacy which 
includes the step of bringing into association the active compound and the carrier (which 
can constitute one or more accessory ingredients). In general, the compositions are prepared 
by uniformly and intimately admixing the active compound with a liquid or finely divided 
solid carrier, or both, and then, if necessary, shaping the product For example, a tablet can 



WO 94/18184 



PCT/GB94/00314 



15 

be prepared by compressing or moulding a powder or granules of the compound, optionally 
with one or more assessory ingredients. Compressed tablets can be prepared by 
compressing, in a suitable machine, the compound in a free-flowing form, such as a powder 
or granules optionally mixed with a binder, lubricant, inert diluent and/or surface 
active/dispersing agent(s). Moulded tablets can be made by moulding, in a suitable machine, 
the powdered compound moistened with an inert liquid diluent 

Pharmaceutical compositions suitable for buccal (sub-lingual) administration include 
lozenges comprising a compound of formula (I) in a flavoured base, usually sucrose and 
acacia or tragacanth, and pastilles comprising the compound in an inert base such as gelatin 
and glycerin or sucrose and acacia. 

Pharmaceutical compositions suitable for parenteral administration conveniently comprise 
sterile aqueous preparations of a compound of formula (I), preferably isotonic with the blood 
of the intended recipient These preparations are preferably administered intravenously, 
although administration can also be effected by means of subcutaneous, intramuscular, or 
intradermal injection. Such preparations can conveniently be prepared by admixing the 
compound with water and rendering the resulting solution sterile and isotonic with the 
blood. Injectable compositions according to the invention will generally contain from 0.1 to 
5% w/w of the active compound. 

Pharmaceutical compositions suitable for rectal administration are preferably presented as 
unit-dose suppositories. These can be prepared by admixing a compound of formula (I) with 
one or more conventional solid carriers, for example, cocoa butter, and then shaping the 
resulting mixture. 

Pharmaceutical compositions suitable for topical application to the skin preferably take the 
form of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which can be 
used include vaseline, lanoline, polyethylene glycols, alcohols, and combinations of two or 
more thereof. The active compound is generally present at a concentration of from 0.1 to 
15% w/w of the composition, for example, from 0.5 to 2%. 

Transdermal administration is also possible. Pharmaceutical compositions suitable for 
transdermal administration can be presented as discrete patches adapted to remain in 
intimate contact with the epidermis of the recipient for a prolonged period of time. Such 
patches typically contain the active compound in an optionally buffered, aqueous solution, 
dissolved and/or dispersed in an adhesive, or dispersed in a polymer. A suitable 
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concentration of the active compound is about 1% to 35%, preferably about 3% to 15%. As 
one particular possibility, the active compound can be delivered from the patch by 
electrotransport or iontophoresis, for example, as described in Pharmaceutical Research, 
2(6), 318 (1986). 

The compounds of the invention can be prepared by conventional methods known to a 
skilled person or in an analogous manner to processes described in the art 

For example, compounds of formula (I) wherein n = 0 and Rl and R^ are hydrogen can be 
prepared by reducing the inline bond of a compound of fonnula (II) 

wherein 1, R, R 2 , R 4 to R 7 and X are as hereinbefore defined, using, for example, a metal 
hydride compound, such as borane, in a suitable solvent, such as THF, or when n=l or 2 in 
fonnula (I) catalytic hydrogenation using, for example, a palladium catalyst, such as 10% 
Pd/C. 

Compounds of formula (II) are herein defined are considered to be novel and constitute a 
further aspect of the present invention. 

Compounds of fonnula (II) can be prepared by cyclising compounds of formula (III) 

/r 
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wherein 1, R, R2 r4 t0 R 7 and X are as hereinbefore defined, by, for example, azeotropic 
distillation or refluxing in the presence of a suitable drying agent, such as molecular sieves, 
in a suitable solvent, for example, 2,6-lutidine, in the presence of an acid, such as HQ. 

Compounds of formula (HI) can be prepared by reacting a compound of formula (IV) 




wherein 1, R, R 2 and X are as hereinbefore defined, with a compound of formula (V), 
preferably with a compound of formula (Va) 




wherein R4 to R 7 are as hereinbefore defined, typically in a polar solvent, for example, 
methanol 

Compounds of formula (IV) can be prepared by hydrolysis of a compound of formula (XXII) 



a 




(XXII) 
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wherein 1, X, R and R 2 are as hereinbefore defined with, for example, a base, such as KOH 
in a suitable solvent such as methanol/THF. 

Compounds of formula (XXII) can be prepared by heating a compound of formula (XXIII) 

S 

(xxm) 



wherein 1 X, R and R 2 are as hereinbefore defined in a non-polar solvent such as (Ph)20. 

Compounds of formula (XXIII) can be prepared by reaction of a compound of formula 
(XXIV) 



(XXIV) 





wherein 1, X, R and R 2 are as hereinbefore defined with halo-CSN(alkyl)2, for example, 
ClCSNMe2 m a suitable solvent such as DMAP/Et3N. 

Compounds of formula (III) can also be prepared by reacting a compound of formula 

(xvni) 



(xvm) 
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wherein 1, R, R 2 and X are as hereinbefore defined and L is a suitable leaving group, for 
example, halogen, with a compound of formula HSC(R 6 )(R 7 )C(R 4 )(R 5 )NH2 wherein R 4 to 
R7 are as hereinbefore defined. 



Compounds of formula (XVIII) can be prepared by reacting a compound of formula (XIX) 




(XIX) 



wherein 1, L, R and X are as hereinbefore defined, with a coinpound of formula R 2 H 
wherein R 2 is as. hereinbefore defined, typically by a Friedel-Crafts reaction using, for 
example, aluminium chloride.: 

Alternatively, compounds of formula (XVIII) can be prepared by reacting a compound of 
formula (XVIIIa) . 




(XVma) 



wherein 1, L, R and X are as hereinbefore defined with a suitable acid halide, e.g. R 2 COCl 
wherein R 2 is as hereinbefore defined, by a Friedel-Gafts reaction using, for example, 
aluminium chloride. 

Compounds of formula (IE) wherein R 4 is -ClbOH can also be prepared by hydrolysis, 
preferably with base, of a compound of formula (XVII) 




(XVII) 
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wherein 1, R, R2 r5 to R 7 and X are as hereinbefore defined, using, for example, KOH in 
aqe. ethanoi. 

Compounds of formula (XVII) can be prepared by reacting a compound of formula (IV) 
wherein m, R, R 2 and X are as hereinbefore defined, with a compound of formula (XII) 




wherein R5 to R 7 are as hereinbefore defined and L' is a suitable leaving group, for example, 
-OTosyl, typically in a polar aprotic solvent, such as DMF, in the presence of a base, for 
example, NaH. 

Compounds of formula (IV) can be prepared by reacting a compound of formula (VI) 




(VI) 
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wherein 1, R and X are as hereinbefore defined, with a compound of formula R^CN wherein 
R2 is as hereinbefore defined. The reaction is typically carried out by metalation of 
compound (VI) using, for example, n-butyl lithium in the presence of N,N,N\N- 
tetramethylethylenediamine (TMEDA) followed by reaction with the appropriate nitrile in a 
non-polar solvent, for example, cyclohexane. 

■ Compounds of formula (IV) can also be prepared by reacting a compound of formula 
(XVIII) as hereinbefore defined with sodium sulphide (NaSH) on metalation when L is 
halogen followed by reaction with sulphur. 

Alternatively, compounds of formula (TV) can be prepared from a compound of formula 
(XVIIIb) 




/^^<f ° ^ X (XVIIIb) 



wherein 1, R, R 2 , X and L are as hereinbefore defined and preferably C2.6 alkyl is 
-CH2-CH2. or -CH2-C(Me)2-CH2- 5 by metalation of a compound of formula (XVTIIa) 
using, for example, magnesium or n-butyllithium followed by reaction with sulphur (Sg) and 
hydrolysis of the alkylenedioxy protecting group with, for example, acid. 

Compounds of formula (XVIIIb) can be prepared from the corresponding compounds of 
formula (XVIII) by reaction with the appropriate C2-6 preferably 1, 2-ethanediol or 
2,2-dimethyl-l,3-propanediol in a suitable solvent, for example toluene and preferably in the 
presence of a catalyst such as p-toluenesuifonic acid. 

Compounds of formulae (V), (Va), (XIX), (XII), (VI) and R 2 CN as hereinbefore defined can 
be obtained commercially or prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. Thus compounds of formula (V) can be prepared 
from the corresponding 2-substituted 2-aminoethanols or from compounds of formula (Va) 
and compounds of formula (XII) . from the corresponding 2-substituted-2-amino-l,3- 
propanediols. 2-substituted-2-aminoethanols and 2-substituted-2-amino-l,3-propanediols 
can be obtained commercially or prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. 
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Compounds of formula (I) wherein n = 0 and R Us not hydrogen can be obtained by reacting 
the corresponding compound of formula (II) with, for example, an organometallic 
compound, such as R^i, R^Cu, R*Zn, or R*MgBr wherein R 1 is as hereinbefore defined 
other than hydrogen. 

Compounds of formula (I) wherein n = 0 and R^ is hydrogen can also be prepared by 
cyclising a compound of formula (VIII) 



9J 




(vm) 



wherein 1, R, R 1 , R 2 , R* to R 7 and X are as hereinbefore defined and L M is halogen, for 

example, bromine, by treatment with strong base, for example, n-butyl lithium, in a suitable 

o 

solvent, such as THF, at a low temperature, for example, -78 C. . 

Compounds of formula (VIII) can be prepared by reaction of a compound of formula (DC) 




wherein I, L", R, R^ to R 7 and X are as hereinbefore defined with a compound of formula 
R 1 R 2 C=0 wherein R 1 and R 2 are as hereinbefore defined. The reaction is typically carried 



WO 94/18184 



PCT/GB94/00314 



23 .. 

out in a non-polar solvent, for example, toluene, in the presence of an acid, such as p- 
toluenesulphonic acid. 

Compounds of formula (IX) can be prepared by reacting a compound of formula (XI) 




wherein I, L", R and X are as hereinbefore defined, with a compound of formula (V) wherein 
R 4 to R 7 are as hereinbefore defined, typically in a polar solvent, such as methanol. 

Compounds of formula (IX) can also be prepared by reacting a compound of formula (XI) as 
hereinbefore defined with a compound of formula (XX) 




(XX) 



wherein R 4 to R 7 are as hereinbefore defined, in the presence of a Lewis acid, for example, 
lithium chloride, at an elevated temperature, such as 170-210 C. 

Compounds of formulae R1r2c=0 as hereinbefore defined, (XI) and (XX) can be obtained 
commercially or prepared by methods known to those skilled in the art or obtainable from 
the chemical literature. Thus compounds of formula (XI) can be prepared from the 
corresponding disulphides and compounds of formula (XX) from the corresponding 2- 
substituted 2-aminoethanols. 
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Compounds of formula (I) wherein n = 0 and R 1 and are both hydrogen can also be 
obtained by reacting a compound of formula (XIII) 




(xm) 



wherein 1, R, to R? and X are as hereinbefore defined, with, for example, an 
organometallic compound, such as R^Li, R^Cu, R?Zn, or R^MgBr wherein R2 is as 
hereinbefore defined. 

Compounds of formula (XIII) can be prepared by dehydrogenaiing the corresponding 
compound of formula (XIV) 




(XIV) 



wherein 1, R, R 4 to R? and X are as hereinbefore defined, using, for example, an oxidising 
agent, such as 2,3 : dichloro-5,6-dicyano-l,4-benzoquinone (DDQ), in a suitable solvent, such 
as toluene, or preferably KM n 04 in a suitable solvent, such as t-butanol/H^O. 

Alternatively, compounds of formula (XIII) can be prepared by reacting a compound of 
formula (IV) wherein R2 is hydrogen with a compound of formula (V) or (Va). 
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Compounds of formula (XIV) can be prepared by reducing the amide carbonyl group of the 
corresponding compound of formula (XV) 




(XV) 



wherein 1, R, R4 t0 R? and X are as hereinbefore defined, using, for example, lithium 
aluminium hydride. 

Compounds of formula (XV) can be prepared by reacting a compound of formula (XVI) 




(XVI) 



wherein 1, R and X are as hereinbefore defined and Z is C w alkoxy, for example, methoxy, 
with a compound of formula (V) or (Va) wherein R 4 to R 7 are as hereinbefore defined. 

The compound of formula (XVI) wherein X is benzo can be prepared from a suitably (R) 1? 
substituted 2,2-dithiosalicylic acid or when l=o, from commercially available 2£'- 
dithiosalicyclic acid by methods known to those skilled in the art. Compounds of formula 
(XVI) wherein 1 is not 0 can be obtained commercially or prepared by methods known to 
those skilled in the art or obtainable from the chemical literature. • 

Alternatively compounds of formula (I) wherein n=o and R3 is hydrogen can be prepared by 
cyclising a compound of formula (XXIX) 
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\ 



II 



(XXIX) 



wherein 1, X, R 1 , R 2 and R 4 to R 7 are as hereinbefore defined by reaction with a non- 
nucleophillic base such as LDA, which can then be reacted with oxone to give compounds of 
formula (I) wherein n=2. 

Compounds of formula (XXIX) can be prepared from compounds of formula (XXX) 



(XXX) 




wherein 1, X, and R 4 to R 7 are as hereinbefore defined, by reaction with R 2 CHO wherein R 2 
is as hereinbefore defined. 



Compounds of formula (XXX) can be prepared by reaction of compound of formula (V) 
with compounds of formula (VI). 

Compounds of formula (I) can also be prepared starting from compounds of formula (XXI). 




(XXI) 



wherein X, 1, R, R 2 and R 5 to R 7 are as hereinbefore defined, by steps will known in the art 
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Compounds of formula (XXI) can be prepared by following methods described herein which 
methods will be obvious to one skilled in the art 

Compounds of formula XXI can also be prepared by reaction of compounds of formula (II) 
wherein R 4 = CH2OH by oxidation of the alcohol with, for example, SO3 pyridine in 
Et 3 N/DMSO. 

Compounds of formula (I) wherein R 3 = OH, C^g alkoxy or -OCj^ acyl can be prepared 
from compounds of formula (I) wherein R 3 is hydrogen by oxidation of the nitrogen with, 
for example, oxone® (potassium peroxymino sulphate) in methanol/water optionally 
followed by reactions known in the art. 

Compounds of formula (I) wherein X=pyrrolo can be prepared from compounds of formula 
(XXVI) 




(XXVI) 



wherein P is a protecting group such as tri-isopropylsilyl, R, 1 and R 2 are as hereinbefore 
defined by refluxing with a base such as NaOH followed by reaction with a compound of 
formula (V) or (Va) in a suitable solvent such as methanol. The resulting compound 
(XXVII) 




(xxvn) 



wherein 1, R 2 R 4 , R5 ? r6 R 7 are as hereinbefore defined, is then reacted with for 
example lutidine/TSOH to give a compound of formula (II) wherein X=pyrrolo. These 
compounds can then be converted into compounds of formula (I) as previously described or 
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by reaction with 1) BH3/THF and 2) N-methyl morpholine-N-oxide, O s 04/tBuOH/THF at 
room temperature. 

Compounds of formula (XXVI) can be prepared from compounds of formula (XXVIa) 




(XXVIa) 



wherein P is as defined hereinbefore and can be the same or different, by reacting a 
compound of formula (XXVIa) with a suitable acid halide compound, such as R^COCl, 
wherein R~ is as hereinbefore defined, by a Friedel-Crafts reaction using, for example, 
aluminium chloride. 

The compound of formula (XXVIa) can be prepared by first reacting pyrrole with a strong 
base, for example n-butyllithium in an aprotic solvent such as THF, followed by N- 
protection with, for example TIPS-C1 (tri-isopropylsilyl chloride). The resulting N-protected 
pyrrole . is halogenated with, for example N-Bromosuccinimide (NBS), followed by 
metalation with, for example t-butyllithium and reaction with sulphur (Sg). The resulting 
sulphur compound is further s-protected with, for example TIPS-CL 

Compounds formula (I) wherein X=pyrridyl can be prepared from compounds of formula 
(XVIII) wherein X=pyrridyl by reaction with, for example, NaSH/DMSO and a compound 
of formula (V) or (Va). 

The resulting compound of formula (III) wherein X is pynidyl, R, 1, R 2 , and R 4 to R 7 are as 
hereinbefore defined can be converted to a compound of fonnula (II) wherein X=pymdyl as 
previously described. These compounds of formula (II) can then be converted to compounds 
of formula (I) as previouly described herein. 

Side-chain manipulation: Compounds of formula (I) wherein R 4 is, for example, 
-CH2CH=CHCH3, can be hydrochlorinated using, for example, gaseous hydrogen chloride, 
to give the corresponding compound of formula (I) wherein R 4 is -CH2CHCICH2CH3 and 
then hydrolysed using, for example, basic H2O2, to give the corresponding compound of 
fonnula (I) wherein R 4 is -CH2CH(OH)CH 2 CH3. Compounds of formula (I) wherein R 4 is 
-CH2CH(OH)CH2CH3 can also be prepared by reducing and hydroxylating a compound of 
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formula (II) wherein R 4 is -CH2CH=CHCH3 using, for example, diborane followed by 
acidification and subsequent oxidation with basic H2O2. Compounds of formula (HI) 
wherein R 4 is -CH2OH can be cyclised as described earlier to give the corresponding 
compound of formula (II) wherein R 4 is, for example -CHO2H. The latter can be oxidised 
using, for example, SCtypyridine and Et3N in DMSO, to give the corresponding compound 
of formula (II) wherein R 4 is -CHO, alkenylated using, for example, Ph3P=CHCOCH3 in 
toluene, to give the corresponding compound of formula (II) wherein R 4 is, for example 
-CH=CHCOCH3 then (i) reduced using, for example, sodium borohydride in ethanol, to 
give the corresponding compound of formula (II) wherein R 4 is -CH=CHCH(OH)CH3 
followed by reduction of the alkene, for example when n is 1 or 2 by catalytic hydrogenation 
using, for example, .10% Pd/C, to give the corresponding compound of formula (I) wherein 
R 4 is -CH2CH2CH(OH)CH3 or (ii) reduction of the alkene, for example when n is 1 or 2 by 
catalytic hydrogenation to give the corresponding compound of formula (I) wherein R 4 is 
-CH2CH2COCH3 followed by reduction of the ketone to give the corresponding compound 
of formula (I) wherein R 4 is -CH2CH2CH(OH)CH3. Alternatively, the compound of 
formula (II) wherein R 4 is -CHO can be alkenylated using a wittig reagent, for example, 
Ph 3 P+(CH2)i.50H Br and n-BuLi, to give the corresponding compound of formula (II) 
wherein R 4 is -CH=CH(CH2)(wOH followed by reduction of the alkene, for example when 
n is 1 or 2 by catalytic hydrogenation to give the corresponding compound of formula (I) 
wherein R 4 is -(CH 2 )2-6C)H using, for example, 10% Pd/C. 

The compound of formula (II) wherein R 4 is -CHO can be alkenylated using a wittig 
reagent, for example, Ph3P + =CHCH2CF3Br followed by conversion of the alkene as 
described hereinbefore. 

Compounds of formula (I) wherein R- is hydroxyphenyl can be prepared by debenzylation 
of the corresponding compound of formula (I) wherein R^ is benzyloxyphenyl using, for 
example, 30% aqu. H2O2 in trifluoroacetic acid or 10% Pd/C/hydrogen. 

Compounds of formula (I) wherein n = 0 and R^ is not hydrogen can be prepared by N- 
alkylation of the corresponding compound of formula (II) with an alkyl halide, such as 
methyl iodide, in a polar solvent, for example, acetonitrile, prior to reduction to the 
compound of formula (I). 

Compounds of formula (I) wherein n = 1 or 2 can be prepared by oxidation of the 
corresponding compound of formula (I) wherein n = 0 or by oxidation of the corresponding 
compound of formula (III) wherein n = 0 prior to cyclisation and reduction to the compound 
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of formula (I) using suitable oxidation conditions, for example, in the case where n is to be 
2, 30% aqu. H2O2 in the presence of trifluoroacetic acid. 

Individual optical isomers of compounds of formula (I) substantially free, of other optical 
isomers can be obtained either by chiral synthesis, for example, by the use of the appropriate 
chiral starting materials), such as the aziridine (V), or by resolution of the products obtained 
from achiral syntheses, for example, by chiral hplc. 

Optional conversion of a compound of formula (I) to a corresponding acid addition salt can 
be effected by reaction with a solution of the appropriate acid, for example, one of those 
recited earlier. Optional conversion to a corresponding base salt may be effected by reaction 
with a solution of the appropriate base, for example, sodium hydroxide. Optional 
conversion to a physiologically functional derivative, such as an ester, can be carried out by 
methods known to those skilled in the an or obtainable from the chemical literature. 

For a better understanding of the invention, the following Examples are given by way of 
illustration and are not to be construed in any way as limiting the scope of the invention. 

Synthetic Example 1 

Preparation of ^>Vtrans-^ethvl>2.3.4.5-tetrahvdro^>rr2RV2-hvdroxvbutvlV5^henvU1 4- 
benzothiazepine 1.1-dioxide 

(a) Ethvl 2-aminobutvrate hydrochloride 

A slurry of 2-aminobutyric acid (lOOg, Aldrich) in absolute ethanol (300ml) was 
0 

stirred under nitrogen at 0 C and thionyl chloride (120.8g) was added dropwise. The 

o 

reaction was stirred overnight at 0 C and then gradually warmed to room temperature. 
The resulting white slurry was heated under reflux for 3 hours, left to cool for 10 
minutes, then poured into chilled diethyl ether (600ml), with hand stirring. The 
suspension was filtered and the solid product dried to give the desired product (150g) 
as a white solid. H NMR consistent with proposed structure. 

(b) Ethyl 2-benzyli^eneaminpbtityr^^ 
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A solution of the product from step (a) (149.6g), magnesium sulphate (74.3g), and 
triethylamine (246ml) in dichloromethane (1500ml) was stirred at room temperature 
under nitrogen and benzaldehyde (94.9g, Aldrich) was added dropwise. The mixture 
was stirred at room temperature for 3 hours then filtered. The filtrate was 
concentrated, triturated in diethyl ether, filtered and concentrated to yield the desired 
product as a yellow oil (1 74g). H NMR consistent with the proposed structure. 

(c) (^VF^hvl2>hen2Ylideneaniin^2-ethv1hPY>il-Pr 1 ^ atf 

A solution of the product from step (b) (159g) in THF (100ml) was added to a 
suspension of potassium hydride (64g) in THF (350ml) at a temperature of about 0 
C. When addition was complete, the mixture was stirred at about 0°C for 2 hours, 
then cooled using a dry ice/acetone bath and a solution of crotyl bromide (lOOg) in 
THF (50ml) added. When addition was complete, the mixture was stirred at room 
temperature for two days, then quenched with ethanol (60mL) to destroy excess 
hydride followed by pet. ether (1500mL) and water (25mL). The mixture was filtered 
and the filtrate evaporated in vacuo to give the desired product as a dark red oil. * H 
NMR consistent with the proposed structure. 

(d) f+-VF,thv1 ?-ammo-2-ethvTh P Y^^ at P 

4N Aqueous HC1 (1 70mL) was added to a solution of the product from step (c) in pet 
ether (1500ml). When addition was complete, the mixture was stirred for 2 hours at 
about 0 C. The aqueous phase was separated, washed with pet ether and poured into 
2M Na2COs (200mL) at about 0°C. The pH was adjusted to 9 by the addition of 
further NaiCOs and the mixture extracted with ether. The combined extracts were 
dried and evaporated invfrcw to give the desired product as an oil. *H NMR 
consistent with the proposed structure. 

(e) f+-V2-Amino-?-ethvlhex^ e n-1-n1 

A solution of the product from step (d) (1 16.7g) in THF (100ml) vvas added to a 1M 
solution of lithium aluminium hydride in THF (800ml) at about 0°C. When addition 
was complete, the mixture was stirred overnight at room temperature, then 50°/o w/v 
aqu. NaOH (200ml) was added. The organic phase was separated, washed with brine, 
dried and evaporated in vpcup. The residue was distilled to give the desired product 
as an oil (29.3g). 1 H NMR consistent with the proposed structure. 
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(f) f+-V?-Pm-2"enyl-2-ethy)tiriridine 

Chlorosulphonic acid (18mL) was added to a solution of the product from step (e) 
(32.3g) in acetonitrile (100ml) at about 0 C When addition was complete,' the 
mixture was wanned to room temperature. The resulting crystals were filtered off, 
washed with acetonitrile/pet. ether, dried, taken up in a mixture of 50% w/v aqu. KOH 
(lOOmL) and water (55mL) and distilled over KOH to give the desired product as a 
colourless oil (16.1g). *H NMR consistent with the proposed structure. 

(g) 2-Thiohen*ophenone 

A solution of N,N^^'-tetramethylethylenediamine (TMEDA) (104.6g) in 
cyclohexane (500ml) was cooled and 2.5M n-butyl lithium (360ml) was added. A 
solution of thiophenol (50.0g) in cyclohexane (100ml) was added slowly to the butyl 
lithium solution and the reaction was stirred at room temperature overnight 
Benzonitriie (46.4g, Aldrich) in cyclohexane (100ml) was added to give a slurry 
which was stirred overnight at room temperature. Water (500ml) was added and the 
mixture stirred for 30 minutes, then the aqueous layer was separated and treated with 
solid sodium hydroxide to give pH 14. The solution was boiled for 90 minutes, 
cooled to room temperature and acidified to pH 1-2 with cone. HCL The acidic 
solution was extracted with dichloromethane and the combined extracts dried, then 
concentrated to give a red oil. The oil was treated with IN NaOH, extracted with 
dichloromethane and the aqueous layer separated and treated with cone. HC1 to give 
an oil. The oil was extracted into dichloromethane and the combined extracts dried, 
then concentrated to give the desired product as an orange-red oil (83. 4g). *H NMR 
consistent with proposed structure. 

(h) f^)-3-Ethy^Vbu^?-enyl^■phenyl^.3-dihydrpbpnzothia2gpine 

The products from steps (f) (8.0g) and (g) (12.9g) were taken up in 2,6-lutidine, stirred 

for 2 hours and cone. HC1 (5mL) was added. When addition was complete, the 

o 

mixture was azeotroped overnight at 180 C, then cooled and evaporated in vacuo . 
The residue was taken up in 5% w/v aqu. NaHCOs and the solution extracted with 
ethyl acetate. The combined extracts were washed with brine, dried and evaporated 
inyacuQ. The residue was flash chromatographed on silica gel using 80:20 
hexane/ethyl acetate as eluant to give the desired product as an orange oil (18,4g). *H 
NMR consistent with the proposed structure. 
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(i) ^-V^^RV^^HvdrQXvbutviV^^ethvl^^^.S-tetrahvdro^-pheTivUr^ 

A 1M solution of diborane in THF (31.7mL) was added to a solution of the product 
from step (h) in THF (ISOOraL). When addition was complete, the mixture was stirred 
overnight at room temperature, then 50% v/v aqu. HCI (lOOmL) was added. When 
addition was complete, the mixture was concentrated in vacuo to remove the THF. 
50% w/v aqu. NaOH and ethyl acetate were added to the remaining aqueous phase and 
the organic phase separated, dried and evaporated in vacuo . The residue 

was taken up in THF (150mL) and 3N NaOH(52ml) followed by 30% H202(17.7g) 
were added. When addition was complete, the mixture was stirred at room 
temperature for 3.5 hours, then satd. aqu. Na2COs was added. The organic phase 
was separated, dried and evaporated in vacuo . The residue was chromatographed on 
silica gel using 70:30 hexane/ethyl acetate as eluant to give the desired product as an 
oil(1.5g). 

G) f+->Trans-3^thyl-2.3A 

phenyl-1 ,4-bengpthireepjpe 1 .1 -dic^fe 

A solution of the product from step (i) (1.5g) in trifluoroacetic acid (25mL) was added 

to a solution of 30% H202(1.4g) in trifluoroacetic acid (5mL). When addition was 

complete, the mixture was stirred overnight at room temperature, then added to 

deionized water(300mL), basified with IN NaOH and stirred for 1 hour. The resulting 

precipitate was filtered off and triturated with IN NaOH for 1 hour, then filtered and 

o 

dried to give the desired product as a white solid, mp 149-151 C (1.5g). 

Analysis: Calcd. C 6624; H 7.36; N 3.68; S 8.40 
Found: C 66.31; H 7.25; N 3.64; S 8.49 



lH NMR (DMSO-d 6 ), 6: 0.77-0.93 (6H, m, 2x CH3); 1 .21-1. 38 (2H, m, CH2); 1.69- 
1 .85 (3H, m ? CH2 + NH); 2.30-2.43 (1H, m, CH); 3.59-3.69 (1H, m, OH); 3.62(2H, q, 
CH2SO2); 6.26 (1H, s, CHPh); 6.57-6.63 (1H, m, ArH); 7.36-7.63 (7H, m, ArH); 
8.00-8.06 (lH.m,ArH). 
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Svnfetjc Example 2 



Preparation Of C±=BmOS=] -n-ethvl-2.3.4.5-tetrahvdro-8-methnyv-S-phgnyUl 



(a) 0-f2-benzov1-5-methoxvphenvn dimethvlthiocarbamate 

Sodium hydride(8.8 g, Aldrich) was added slowly to a solution of 2-hydroxy-4- 
methoxybenzophenone(50.0 g; Aldrich) in 300 ml of dimethylfonnamide. 
Hexamethylphosphoramide (43.0 g) was then added dropwise and stirred at room 
temperature for 2 hours. Dimethylthiocarbamoyl chloride(37.0 g, Aldrich) was added and 
stiired overnight at 50°C. The reaction mixture was poured into deio nize d water (300mL) 
and extracted with a petroleum ether/chloroform (1 :4) mixture. The organic layer was 
washed with 10% sodium hydroxide, brine and concentrated to give the title product as a 
yellow solid(40.0g), mp 94-96°C. *H NMR was consistent with proposed structure. 

(b) S-f2-Ben?Qyl-g-methoxyphepy|) flmrthylthipcarframate 

The product(40.0g) from step(a) was suspended in phenyl ether(300mL) and heated to an 
internal temperature of 262°C for 30 minutes. After cooling to room temperature, the 
reaction mixture was chromatographed on silica using hexane, then hexanes/ethyl 
acetate(7:3) as eluants to afford the title product as a yellow-brown solid(30.0g), mp 96- 
98°C. *H NMR was consistent with proposed structure. 

(c) 2-Mercapto-4-methoxvbenzophenone 

Potassium hydroxide pellets(20.0g) was slowly added to a solution of the product(28.0g) 
from step(b) dissolved in 800 ml methanol/tetrahydrofuran( 1:1). After refluxing for 4 
hours, the reaction was cooled to room temperature, methylene chloride was added and the 
solution was extracted with 5% hydrochloric acid. The organic layer was dried and 
concentrated. Chromatography on silica using hexanes/ethyl acetate(99:l) as the eluant 
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afforded the title product as a yellow solid(17.1g), mp 74-76°C. ! H NMR consistent with 
proposed structure. 

(d) Ct^LBHL3=gpyl=^ 

This compound was prepared following the procedure of Synthetic Example 1 (h), using the 
product from step(c)(32.0g) and the product from Synthetic Example l(f)(18.8g), but 
replacing ethereal HC1 with p-toluenesulphonic acid(200 mg). Chromatography on silica 
using hexanes/EtOAc(9:l) as eluant gave the desired product as an orange. oil(35.7g). *H 
NMR consistent with the proposed structure. 

(e) t±k Trans- 1 >fVethvN2.3.4.5-tetrahvdro-8>methoyv>5-ph e nvU1 A 

vl>2(R>2-ftrtanol 

This compound was prepared following the procedure of Synthetic Example l(i), using the 
product from step(d)(35.7g). Chromatography on silica using hexanes/EtOAc(65:35) as 
eluant afforded the title product as an orange oil(27.7g). *H NMR consistent with the 
proposed structure. 

(f) C±Jb Traas-1 -n-ethv1-2.3.4.5-tetrahvdro>8>methoxv-5-phenv I-l ,4-beTTzothi^gpin- 

S'VD^fRV^-bvtanol S.S-4ioxjcte 

This compound was prepared following the procedure of Synthetic Example 10), using the 
product from step(e)(27.7g) to give solids which were recrystallized from acetone to give the 
desired product as a white solid(12.3g)> mp 201-202OC. 

Analysis: C 65.48; H 7.24; N 3.47; S 7.95 
Found: C 65.51; H 7.29; N 3.38; S 8.01 

] HNMR(DMSO-d6), 5: 0.79(3H, t, CH3); 0.84(3H, t, CH3); 1.22-1.30(2H, m, CH 2 ); 1.62- 
1.71(3H ? m, CH2); 2.21-2.26(1H, m, CH2); 3.14(1H, d, NH); 3.45(2H, q, CH2SO2); 3.55- 
3.59(1H, m, CH); 3.78(3H, s, OCH3); 4.52(iH, s, OH); 6.04(1H, d, CHPh); 6.42(1H, d, 
ArH); 7.02-7.05(1 H, m, ArH); 7.29-7.43(6H, m, ArH) 

Synthetic F.*nmp1p ? 
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Preparation of f+-Vm*nH -f3^thyl-2 1 3 l 4 t ^Te^hydro-?-m^hQ^>phfflyl-l ,4- 

ben20thia2epin-3-vIl3-butano1 S.S-dioxide 

(a) f+-VTrans-U3-e^^ 

yl-3-bptanol 

This compound was isolated as a light yellow oil(4.7g) as a minor product of Synthetic 
Example 2(e). *H NMR consistent with the proposed structure. 

(b) f+-VTrenH-^efty^ 
vlV3'bytanol S.S-floxjcfe 

This compound was prepared following the procedure of Synthetic Example l(j), using the 
product from step(a)(3.0g) to give a white solid(0.70g), mp 1 19-122°C. 

Analysis: C 65.48; H 724; N 3.47; S 7.95 
Found: C 65.57; H 7.31; N 3.54; S 8.02 

*H NMR(DMSO-d6), 6: 0.78-0.98(6H, m, CH3); 1.10-126(2H,m, CH2); 1.40-1.50(2H,m, 
CH2); 1.73-1.84(1H, m, CH2); 2.02-2.14(lH, m, CH2); 2.50(1H, d, NH); 3.39(2H, q, 
CH2SO2); 3.42-3.5 1(1H, m, CH); 3.80(3H, s, OCH3); 4.32(1H, d, OH); 5.87(1H, d, CHPh); 
6.50(1H, d, ArH); 7.06(1H, dd, ArH); 7.28-7.48(6H, m, ArH) 

Symhetic E^mpk 4 . 

Preparation of r^Vtrans>l-n-ethvl-2.3.4.5-tetrahvdro-7-methoxv>5-phenv1-l .4* 

bgn2othiazgpin-3-yl)"2rRV2-btitgtnpl S.S-dioxidg 

(a) 2-Mercapto-5-m^thoxvbgnzophenong 

This compound was prepared following the procedure of Synthetic Example 1(g), using 4- 
methoxybenzenethiol (20.0g, Aldrich). Chromatography on silica with 
hexanes/dichloromethane(l : 1) as eluant afforded the title product as a yellow oil (2.9g). *H 
NMR consistent with the proposed structure. 

(b) f+-VTrans-Nf3-ethvl-2.3A5-tetrah^^ 
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The title compound was prepared following the procedures of Synthetic Example l(h>l(j) 
using the product from step(a) to give a white solid, mp 167-168°C. 

Analysis: C 65.48; H 7.24; N 3.47; S, 7.95 
Found: C 65.38; H 7.25; N 3.44; S 8.03 

*HNMR(DMSO-d6), 8: 0.77-0.89(6H, m, CH3); 1.21-1.31(2H 5 m, CH2); 1.60-1.76(3H,m, 
CH2); 2.20-2.33(lH, m, CH2); 3.34(1H, d, NH); 3.34(2H, q, CH2SO2); 3.57-3.63(lH, m, 
CH); 3.66(3H, s, OMe); 5.94(1H, broad s, ArH); 6.08(1H, d, CHPh); 7.03(1H, dd, ArH); 
7.34-7.46(5H, m, ArH); 7.92(1H, d, ArH) 



Synthetic Example 5 

Preparation of f+-V trans-1 ■rS-ethvlo^4-fluorophenvlV2.3.4.5-tetrahvdro7-methoyv>1 .4> 

benzothiwepin-3-vlV2fRV2'bytanQl lS=Mdfi 

(a) 4^FluQro-2-mergaptQ-g>metho^bgnwphCTone 

This compound was prepared following the procedure of Synthetic Example 1(g), using 4- 
methoxybenzenethiol(58.0g, Aldrich) and 4-fluorobenzonitrile(50.0g, Aldrich). 
Chromatography on silica with hexanes/dichloromethane(l :1) as eluant afforded the desired 
compound as an orange oil(6. 1 1 g). ' H NMR consistent with the proposed structure. 

(b) r-f-v iansdldCl^y^^ ^ 
benzothiaz?pm-?-y l)-?(R>2"but^npl S .S-rtoxite 

The title compound was prepared following the procedures of Synthetic Example 1(h)- l(j) 
using the product from step(a) to give a white solid, mp 90-92°C. 

Analysis: C 62.69; H 6.70; N 3.32 S 7.61' 
Found: C 62.48 H 6.81 N 3.37 S 7.66 

*H NMR(DMSO-d6), 8: 0.77-0.89(6H, m, CH3); 1.22-1.32(2H, m, CH2); 1.59-1.76(3H, . 
m, CH2); 2.17-2.30(1H, m. CH2); 3.30(1 H, d, NH); 3.39(2H, q, CH2SO2); 3.52-3.66(lH, 
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m, CH); 3.68(3H, s, OCH3); 5.95(1H 9 d, ArH); 6.07(1R d, CHPh); 7.03(1H, dd, ArH); 7.19- 
7.45(4H, m, ArH); 7.93(1H, d, ArH) 

Synthetic Example 6 

Preparation of f+-ltrans-1 -r3>ethv1>S-( r 4-hvdroyvph envlV2.3.4.5>tetTahvdro- 1 .4- 
ben2othiazepin-3-v1V2n^-2-hutanol S.S-dioxide 0.5 hvdrate 

(a) 4!-Ben?vloxv>2>mercaptoben2ophenone 

This compound was prepared following the procedure of Synthetic Example 1 (g), using 
benzenethiol(48.2g, Aldrich) and 4-benzyloxybenzonitrile(91.6g) to give a tan solid(112.4g), 
mp 122-123°C. *H NMR consistent with the proposed structure. 

(b) r+-VTrans-l -r3-ethvl-5^4-hvdroyvphenvlV2.3.4.5-te trahvdro> 1 .4^en?:othiazepirw3- 

ylV2fRV2^utanpl S.S-djQxjje 0,5 hyfrgte 

The title compound was prepared following the procedures of Synthetic Example l(h>l(j) 
but using the product from step(a) to give a white solid, mp 197-198° C. 

Analysis: C 63.28; H 7.08; N 3.51; 8.05 
Found: C 63.25; H 7.00; N 3.41; S 8.04 

*H NMR(DMSO-d6), 6: 0.77-0.85(6H, m, CH3); L22-1.31(2H, m, CH2); 1.61-1.69(3H, m, 
CH2); 2.21-2.29(1H, m, CH2); 3.19(1H, d, NH); 3.43(2H, q, CH2SO2); 3.53-3.58(lH, m, 
CH); 4.53(1H, s, OH); 6.00(1H, d, CHPh); 6.59-6.62(lH, m, ArH); 6.76(2H, d, ArH); 
7.12(2H, d, ArH); 7.43-7.50(2H, m, ArH); 7.92-7.94(lH, m, ArH); 9.39(1H, s, ArOH) 

Sy^thcrig Example 7 

Preparation of r+-Vtrans-3-butv1-3-eth^^ 
benzodiazepine 1.1 -dioxide hydrochloride 

(a) (^V?^uty1-2-^hy1aziridjpe 
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Using ethyl iodide in place of crotyl bromide in step(c) of Synthetic Example 1, the title 
compound was prepared in an analagous fashion to give a colorless oil. *HNMR consistent 
with the proposed structure. 

(b) f^V2^2-Amino-2-ethv1hexvlthioV4^ben2vloxvben2ophennne 

The product from step(a)(l 5.0g) was dissolved in methandl(25 ml) and the product from 
Synthetic Example 6(a)(35.2g) in methanol(250 ml) was added. The mixture was stirred at 
room temperature for 1 7 hr and then concentrated in vacuo. The residue was 
chromatographed on silica with EtOAc then EtOAc/MeOH(l :1) as eluants to afford the title 
product as an orange oil(46.3g) *H NMR consistent with the proposed structure. 

(c) f^V2^2-Amino>2>ethvlhexvl^lfonvnXben^loxyben7opheTinnR 

This compound was prepared following the procedure of Synthetic Example 1Q), using the 
product from step(b)(46.3g). Chromatography on silica using EtOAc/MeOH(9:l) as the 
eluant gave the desired product as an orange oil(37.5g). *H NMR consistent with the 
proposed structure. 

(d) f^V3-Ethvl-3-but^ 1 , Ldioxidg 

This compound was prepared following the procedure of Synthetic Example 1(h), using the 
product from step(c)(37.5g). Chromatography on silica using hexanes/EtOAc(7:3) as the 
eluant afforded the title product as an orange oil(24.8g). *H NMR consistent with the 
proposed structure. 

(e) (±=3Jj2ns=3=bHB^ 
tenzothiazeping U-floxife 

A 1M solution of diborane in THF(60.0 ml, Aldrich) was added to a solution of the product 
from step(d)(24.8g) in THF(150 ml). The mixture was stirred ovemite at room temperature, 
then 6N HC1(100 ml) was added. The reaction mixture was concentrated in vacuo and the 
residue was partitioned between NaOH and EtO Ac. The organic layer was separated, dried 
and concentrated. Chromatogaphy on silica using hexanes/EtOAc(85:15) as eluant gave the 
desired product as a white solid(7.6g), mp 94-95°C. *H NMR consistent with the proposed 
structure. 
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£f) f+-VTrans-3-butvl-3-eth^ 

bguzpthi wiping 1,1 -jioxiae hydrochloride 

Pallladium on carbon(10%, 2g, Aldrich) was added to a solution of formic acid(2.8g, 
Aldrich), sodium formate(1.0g, Fisher) and the product from step(e)(7.0g) in EtOH(250 ml). 
The reaction mixture was stirred at reflux for 5 hr, then stirred at room temperature for 17 
hr. The reaction mixture was filtered, concentrated in vacuo and then dissolved in IN NaOH. 
Next, IN HC1 was added til acid to litmus paper then solid NaHC03 was added to neutralize 
the solution. The mixture was extracted with diethyl ether, separated, dried and concentrated 
to give a light orange oil. Chromatography on silica using hexanes/EtOAc(7:3) as eluant 
afforded an oil which was treated with ethereal HC1 to give the title product as a white 
solid(0.78g),mp253-254OC. 

Analysis: C 61.52; H 6.88; N 3.42; S 7.88 
Found: C 61.52; H 6.93; N 3.48; S 7.90 

*H NMR(DMSO-d6)> 6: 0.80-0.91(6H, m, 2xCH3); 1.25-2.02(8H, broad m, 4xCH2); 
2.50(1H, broad s, NH); 3.48(1H, broad s, CH2S02); 4.10(1H, broad s, CH2SO2); 6.14(1H, 
broad s, CHPh); 6.96(4H, d, ArH); 736(2H, d, ArH); 7.64(2H, broad s, ArH); 8.05-8.08(lH, 
m,ArH); 10.0+1 1.3(1H, broad s,NH + ) 

Synthetic Example 8 

Preparation of r+-Wis-3^thv1-2.3.4.5>tetrahvdro-3-r4-hvdroxvbutvlV5-Dhenvl-L4- 

bgnzothia^epine 1 1 1 -dioxide hydrochloride 

(a) r^V4>EthvU.rhvdroxvmethvlV2^xa7Qlidinone 

Sodium methoxide(2.2g, Aldrich) was added to a solution of 2-amino-2-ethyl-l,3- 
propanediol(100.0g, Aldrich) and diethyl carbonate(169.0g, Aldrich) This solution was 
refluxed in a Dean Stark apparatus until no more EtOH was collected. The reaction mixture 
was cooled, added acetone(200 ml) and allowed to stand overnite at room temperature. The 
resulting suspension was filtered to give 81.0g of the desired product as a beige solid. *H 
NMR consistent with the proposed structure. 

(b) ( +-)-4-F,thvl-4-[f tosylQxv)methy ]]-2-qwzq] idinons 
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Tosyl chloride(142.2g, Aldrich) was added to an ice-chilled solution of the product from 
step(a) (102.7 g) dissolved in pyridine(175 ml. Aldrich). The reaction mixture was stirred at 
ice bath temperature for six hours, then allowed to come to room temperature. The 
heterogeneous mixture was added to 1500 ml of a solution of brine and IN HC1, stirred until 
solids appeared, filtered and washed with diethyl ether to give 194.6 g of a beige solid as the 
title product *H NMR consistent with the proposed structure. 

(c) r^V4^r2>Ren7ovlphenvnthio^methvlV4>ethvl-2^Y^nliHmnn e 

2-Thiobenzophenone(125.3g, Synthetic Example 1(g)) in 150 ml of DMF was added slowly 
to sodium hydride(60%, 23.4g, Aldrich) in 175 ml of DMF. After complete addition, the 
product from step(b) (175.1g), in 200 ml of DMF, was added, in a steady stream, to the 
reaction mixture. The reaction was stirred at 60° C for 3 hr, cooled and added to 3L of brine 
to give solids. The reaction mixture was filtered and the solids were slurried in 250 ml of ' 
95% EtOH and filtered to give the desired product as a beige solid(168.8g), mp 103-104°C. 
iHNMR consistent with the proposed structure. 

(d) ^V2.3-Dihvdn>3-ethvl-5-phenvl>1.4-benzothia2epine-3-methanol 

The product from step(c) (168.8g) was dissolved in 1200 ml EtOH/water(2:l) and 128.8g of 
KOH was added and refluxed for 24 hrs. The reaction mixture was cooled and concentrated 
in vacuo then ethyl acetate and deionized water were added. The organic layer was separated 
and concentrated in vacuo to give 155 2g of a red-orange oil. Chromatography on silica 
using hexanes/EtOAc(l : 1) as eluant afforded the title product as a light orange oil(55.7g). 
*HNMR consistent with the proposed structure. 

(e) ( +-V3-Ethvl-2.3-dihvdro-5-phenvl- 1 .4-benzothiazepine-3-carbaldehvde 

Triethyl amine(56.7g, Aldrich) was added to a solution of the product from step(d) (55.7g) 
dissolved in 140 ml of DMSO. The reaction mixture was chilled to 8-10° C and sulfur 
trioxide pyridine complex(89.3g, Aldrich) in 200 ml of DMSO was added over a period of 
16 minutes. The reaction mixture was stirred for 5 hr, allowing bath temperature to come to 
room temperature, then added to 3L of brine. This mixture was extracted with ethyl acetate 
which was separated, dried and concentrated to give 56.0g of a red oil. Hexane(200ml) was 
added, allowed to stir until solids formed, and then filtered to give the desired product as a 
tan solid(43.1g). mp 98-100°C. * H NMR consistent with the proposed structure. 
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(f) 2^3-BromQproppxyV2H^etrahyclropyran 

This compound was prepared by mixing 3-bromo-l-propanol(25.0g, Aldrich) and 3,4- 
dihydro-2H-pyran(22.7g, Aldrich) in dichloromethane(600 ml) and stirring for four hours at 
room temperature. Brine was added to the reaction mixture and the organic layer was 
separated, dried and concentrated to get a liquid. Chromatography on silica using 
hexanes/EtOAc(4:l) as eluant afforded the title product as a colorless liquid(37.9g). *H 
NMR consistent with the proposed structure. 

(g) S-Hydroxypropyttriphenylphogphonipm bromide 

The product from step(f)(47.8g) was added to a mixture of triphenyl phosphine(56.2g, 
Aldrich) and a few crystals of iodine in 1L of toluene. The reaction mixture was gently 
refluxed for a period of 62 hr, cooled and filtered to get a beige solid(55.2g), mp 227-228°C. 
*H NMR consistent with the proposed structure. 

(h) ^V4>G-Ethvl-2,3-dihvdrn-14-hen7.othia^pin^-vn^-hutenol 

A 2.5M solution of n-butyl lithium(20.0 ml, Aldrich) was added to an ice-chilled solution of 
the product from step(g)(9.6g) in THF(150 ml). After complete addition, the ice bath was 
removed and the product from step(e)(6.0g) in THF(20 ml) was added. The mixture was 
stirred at room temperature for 17 hr and then a saturated solution of NH4C1(120 ml) was 
added. The organic layer was separated, dried and concentrated in vacuo. Chromatography 
on silica using hexanes/EtOAc(85: 15) as eluant gave the title product as an orange oil(4.6g). 
*H NMR consistent with the proposed structure. 

(i) f+-V4-f 3-Ethv1-2.3-dihvdro-1 .4-ben20thia2epin-3-vlV3-butenol 1 ,1 -dioxide 

Alumina(12g, activity grade I, type WB-2, basic, Sigma) was added in portions to 
Oxone(potassium peroxymonosulfate)(22.9g, Aldrich) and the product from step(h)(4.2g) in 
100 ml CH2CI2. The reaction mixture was stirred at gentle reflux for 3 hr then at room 
temperature for 1 7 hr. The mixture was filtered and the filtrate was washed with 5% 
NaHCOs. The organic layer was separated, dried and concentrated to give an orange 
oil(3.4g). *H NMR consistent with the proposed structure. 



0) (+-VCis-3-Hthvl-2.3.4.5-tetrahvdro-3>r4-hvdmyvhutv1V5-phenvl-L4- 
benzothiazepine 1.1 -dioxi de hydrochloride 
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The product from step(i)(3.4g) was dissolved in 60 ml of EtOAc and 1.7g of 10% 
Pd/C(Aldrich) was added, then placed on a Parr hydrogenator for 10 days. The reaction 
mixture was filtered and concentrated in vacuo to give an oil. Chromatography on silica 
using hexanes/EtOAc(3:2) as eluant gave a slightly yellow oil which was treated with 
ethereal HC1 to give the title product as a white solid(0.50g), mp 193-194°C. 

Analysis: Calcd. C 61.52; H 6.88; N 3.42; S 7.82 
Found: C 61.50; H 6.86; N 3.43; S 7.88 

^NMR of the free base(DMSO-d6), 6: 0.80(3H, t, CH3); 1.10-1.55(6H, m, 3xCH2); 1.75- 
1 .85(1H, m, CH2); 1 .96-2.07(lH, m, CH2); 2.60(1H, d, NH); 3.20-3.35(2H, m, CH2); 
3.40(2H, q, CH2SO2); 427(1H, t, OH); 5.94(1H, d, CHPh); 6.42-6.50QH, m, ArH); 7.30- 
7.43(7H, m, ArH); 7.93-7.99(lH, m, ArH) 

Synthetic F.yampl.. O 

Preparation of r+-ytrans-3-ethv1.2.T4 < >-t g trahvdm.^^4.hvdmyvht»fvlV 5.phenv1.1 4. 
benzothiayenine 1 1 -HinviHt. 

This compound was isolated from Synthetic Example 8(j) as an orange oil which upon 
stirring in EtOH/water afforded a white solid(.070g), mp 136-139°C. 

Analysis: C 67.53; H 7.29; N 3.75; S 8.59 
Found: C 67.93; H 7.60; N 3.58; S 8.30 

!H NMR(DMSO-d6), 6: 0.66(3H, t, CH3); 1.20-1.44(6H, m, 3xCH2); 1.70-1.78(1H, m, 
CH2); 2.1 1-2.18(1H, m, CH2); 2.63(1H, d, NH); 3.36-3.40(2H, m, CH2); 3 J9(2H, q, 
CH2SO2); 4.33(1H, t, OH); 5.94(1H, d, CHPh); 6.55-6.58(lH, m, ArH); 7.29-7.47(7H, m, 
ArH); 7.95-7.98(lH, m, ArH) 

Svnthetir Fvampl^ in 
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Preparation of f + -HrfflsO-bMty]-3-ethy 1-2,3, 4i'g-Tgtt?hYdro-7-hy4roxy-S-phgnyl-i ^ 

benzodiazepine 1.1 dioxide 



(a) Bis r4-isopropvloxvphenvndisulfide 

A mixture of bis (4-hydroxyphenyl)disulfide (88.0g, Parish), potassium carbonate (194.0g), 
2-bromopropane (297.6g) and anhydrous dimethylformamide (1500 ml) were stirred at room 
temperature for 2 days. Inorganics were filtered and the filtrate was concentrated. The 
residue was partitioned between ethyl acetate (600 ml) and brine (300 ml). The organic 
layer was separated, washed with brine, dried and concentrated to give the title product as a 
beige solid (1 12.4g), mp 62-64°C *H NMR consistent with the proposed structure. 

(b) 4-flsopropvloxv^benzenethiol 

Ethanol (225 ml) and the product from step (a) (33.8g) were mixed under N2 and sodium 
borohydride (7.6g) was added in several portions. The mixture was refluxed for 2 hours, 
cone. HC1 was added to bring the pH to 2 and the mixture concentrated in vacuo . The 
residue was partitioned between dichloromethane (200 ml) and water (200 ml). The organic 
layer was separated, washed with brine, dried and concentrated to give the title product as a 
yellow oil(30.5g). *H NMR consistent with the proposed structure. 

(c) 2-Mereapto-5-risopropv1oxvlben2ophenone 

This compound was prepared following the procedure of Synthetic Example 1(g), using the 
product from step (b) (39.6 g). Chromatography on silica with hexanes/dichloromethane 
(2:1) as eluant afforded the title product as an orange oil (24 .0g). *H NMR consistent with 
the proposed structure. 

(d) (±=)=2d3a£d^ 

This compound was prepared following the procedure of Synthetic Example 1 (h), using the 
product from step (c) (24.0g). Chromatography on silica with hexanes/toluene (1:1) as 
eluant afforded the title product as a yellow oil (20.8 g). *H NMR consistent with the 
proposed structure. 
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(e) f+-VTrWSQ-butyl-3-e^ 
ber>?othi?zepjne 

This compound was prepared following the procedure of Synthetic Example 1 (i), using the 
product from step (d) (20.8g). Gradient chromatography on silica with hexanes/toluene 
(1:1), toluene and ethyl acetate as the eluants afforded the title product as a yellow oil (8.2g). 
*H NMR consistent with the proposed structure. 

(f) C±sHiais=2dbia^^ 
benzothireepme 1,1 divide 

This compound was prepared following the procedure of Synthetic Example l(j), using the 
product from step (e) (8.2g). Chromatography on silica with hexanes/ethyl acetate (6:1) as 
eluant afforded the title product as a white solid (1 .9g). 1 H NMR consistent with the 
proposed structure. 

(g) (+-VTrens-3-butY^ 
teiKPthiazgpine 1.1 dioxide 

The product from step(f)(l .4g) was dissolved in dichloromethane (1 08 ml) under N2 and 
cooled to -10°C. A 1M solution of boron trichloride in dichloromethane (92 ml, Aldrich) 
was added dropwise. The reaction was stirred at -1 0°C for 30 minutes. Water (68 ml) was 
added dropwise and the mixture was stirred at room temperature for 30 minutes. Saturated 
aqueous sodium bicarbonate (200 ml) and dichloromethane (200 ml) were added. The 
organic layer was separated, dried and concentrated. Chromatography on silica with 
hexanes/ethyl acetate (2:1) as eluant afforded the title product as an off-white solid (0.9g), 
mp 80-82OC. 

Analysis: Calcd. C 67.53; H 7.35; N 3.69; S 8.44 
Found: C 67.34; H 7.28; N 3.70; S 8.68 

1 H NMR (DMSO-d6), 5: 0.72 -0.85(6H, m, CH3); 1 .07-1 .23(4H, m, CH2); 1 .40 - 
1 .48(2H, m f CH2); 1.60 -1.82(1H, m, CH2); 2.00 -2.20(1H, m ? CH2); 2.58(1H, d, NH); 
3.27(2H, q, CH2SO2); 5.92(1H, d, CHPh); 6.02(1H, d, ArH); 6.65(1H, dd, ArH); 7.41(5H, s, 
ArH); 7.80(1H, d. ArH); 1 0.27(1 H, s, OH). 



Svmhetic Example 1 1 
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Preparation of r+-Vtrans-l-r3-ethvl-2.3.4.S-tetrahvdrc»-5-phenvM 4-benzothiazepin^-vll 
4,4,4-gifluQro-f2SV?-butanpl-$,S-di0Xide 

a) G.3.3-Trifluoropropvtttriphenvlphosphonium iodide 

A solution of triphenylphosphine (Aldrich, 11. 7g) and 3,3,3-trifluoropropyl 
iodid(Lancaster, lOg) was vigorously refluxed in xylenes (75mL) for 2 days. The 
solid which formed was filtered and washed with xylenes then air dried to yield a 
white solid (16.6g). *H NMR and elemental analysis are consistent with the proposed 
structure. 

b) f+-WZV3-Ethvl-2.3.^ihvdro-5-ph^ 

The product from step(a) (16.5g) was slurried in tetrahydrofuran (THF) (250mL) then 
cooled with a dry-ice/acetone bath. n-Butyl lithium (Aldrich, 2.5M, 22.0mL) was 
added dropwise slowly. When the addition was complete, the bath was removed and 
the mixture allowed to warm to -30°. The reaction was cooled with a dry-ice/acetone 
bath and the aldehyde from Synthetic Example8(e)(l l.lg) in THF (50mL) was added 
by cannula. The solution was allowed to warm to room temperature overnight The 
reaction was diluted with ethyl ether, filtered through Celite™, and evaporated to 
crude solids. Crystallization from petroleum ether/ethyl ether/hexanes yielded a crop 
(1.9g).. The remaining material was chromatographed on silica gel with a suction 
column using 4% ethyl acetate/petroleum ether. The appropriate fractions were 
combined and evaporated to give a second crop of the desired product as a solid 
(8.47g combined). *H NMR and elemental analysis are consistent with the proposed 
structure. 

c) f+-VTrenH-f?-?thyl^ 

triflwrp-f2S>2-but?PPl 

The product from step(b) (8.3g) was dissolved in THF (60mL). Borane^THF (Aldrich, 
1M/THF, 22mL) was added dropwise and the solution was stirred at room temperature 
overnight. Aqueous hydrochloric acid (HC1) (6N, 20mL) was added dropwise 
followed by evaporation of the solvent under reduced pressure. The yellow residue 
was treated with excess aqueous sodium hydroxide (NaOH) (45mL/lN) and extracted 
into ethyl acetate. The solvent was evaporated to an oil which was dissolved in THF 
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and then treated with aqueous NaOH (22mL/5N) and hydrogen peroxide 
(1 lmL/aqueous 30%). This mixture was stirred overnight at room temperature with 
vigorous stirring. The reaction was diluted with ethyl acetate and the organic layer 
separated, washed with a dilute solution of sodium bisulfite, and evaporated to a. crude 
solid. This solid was chromatographed on silica gel with a suction column using 4- 
20% ethyl acetate/petroleum ether. The appropriate fractions were combined and 
evaporated to give the desired product as a solid (13g). Recovered starting material 
(3.7g) was treated with borane following the same procedure and chromatographed to 
give a second crop of the desired product as a solid (l.Og). ! H NMR consistent with 
the proposed structure. 

d) (j&IlSI&H^ 

triflncim^SV2-butano1-S.S-dioxide 

The compound was prepared following the procedure from Synthetic Example l(j) f 
but using the product from step(c) (LOg). The crude solids were crystallized from 
acetone/hexanes, filtered and dried to give the desired product, mp 164-168°C (0.4g). 

Analysis: Calcd.: C 59.00; H 5.66; N 3.28; S 7.50; 

Found: C 59.09; H 5.65; N 3.34; S 7.57 

»H NMR (DMSO-d6), 5: 0.88 (3H, t, CH 3 ); 1.75 (3H, m); 2.10 (0.7H, s); 2.29 (3H, 
m); 3.21 (1H, d); 3.38 (1H, d); 3.80 (1H, d); 4.07 (1H, br m, CH(OH)); 5.03 (1H, s, 
OH); 6.15 (d, 1H); 6.54 (m, 1H); 7.43 (m, 7H, ArH); 7.98 (m, 1H). 

Synthetic Example 12 

Preparation of r^Vtrans-l-rS-ethvl^^^.S^ trahvdrQ^-mRthoxv^-nhenvl-l.^ 
hen7nthia7epin^-vn-4 4 4.rrifluoro -r9^V>^hiitannl^.S-dioxide 

a) m-3-Fthv1-2A^ihvdro 
ber^othia^epine 

The product was prepared following the procedures from Synthetic Example 8(a)-(e) 
and Synthetic Example ll(a)-(b) but using 2-{2-phenyl-l,3-dioxolan-2-yl)-4- 
methoxythiophenol(Rieke Metals). The crude solid was chromatographed on silica 
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gel with a suction column using 5% ethyl acetate/petroleum ether to give the desired 
product as a solid (14.0g). l H NMR consistent with the proposed structure. 

b) H3-Ethvl-7-methoxv^ 

The product from step(a) (14.0g) was dissolved into tetrahydrofuran (THF) (156mL). 
Borane-THF (Aldrich, 1M/THF, 39mL) was added dropwise to the wann solution. 
The solution was refluxed for 3 hours, cooled and carefully quenched with excess 
aqueous sodium hydroxide (35mL/5N). The solution was then treated with hydrogen 
peroxide (lOmL/aqueous 30%), warmed to 60°C for 1 hour, and cooled. The organic 
layer was separated, washed with dilute aqueous sodium bisulfite and brine, dried over 
sodium sulfate, and evaporated to an oil (13.5g) which was primarily one spot by thin 
layer chromatography. This oil was used without further purification. 

M.4-triflwro-2-frufrnp] 

The product from step(b) (13.5g) was dissolved in THF (75mL) and borane-THF 
(Aldrich, 40mL/lM) was added dropwise. The reaction was refluxed for 1 hour, 
cooled, and ethereal hydrochloric acid (Aldrich, 40mUlM) was added. The reaction 
was heated at reflux for 6 hours, cooled, boron trifluoride etherate was added and 
heated back to reflux. After cooling the reaction was poured into a large excess of 
aqueous sodium bicarbonate, extracted with ethyl acetate, washed with brine, dried 
over sodium sulfate, and evaporated to a crude oil. The oil was chromatographed on 
silica gel with a suction column using 0-15% ethyl acetate/petroleum ether as eluant to 
give the desired product as a solid (2.4g). ! H NMR consistent with the proposed 
structure. 

d) f+-yTnms-H3-ethvl-23A 

4.4.4^trifluom-2-butano1-S.S-dinyide 

The product was prepared following the procedure from Synthetic Example l(j) but 
using the products from step(c) to give a crude solid which was crystallized from ethyl 
ether/hexanes to give a solid, mp 168-170°C (0.75g). 13 C NMR consistent with the 
proposed structure. 

Analysis: Calcd.: C 57.76; H 5.73; N 3.06; S 7.01: 
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Found: C 57.88; H 5.77; N 3.08; S 7.00 

>H NMR (DMSO-d6), 5: 0.87 (3H, t, CH 3 ); 1.68 (2H, m, CH 2 ); 1.80 (1H, d); 230 
(2H, m, CH 2 ); 2.41 (1H, dd); 3.11 (1H, d); 3.67 (3H, s, OCH 3 ); 3.71 (1H, d); 4.06 
(1H, m); 5.00 (1H, d, OH); 5.95 (1H, d, ArH); 6.09 (1H, d, CHPh); 7.04 ( 1H, dd, 
ArH); 7.31-7.46 (5H, m, ArH); 7.93 (1H, d. ArH). 

Each of the following compounds of formula (I) was prepared by a method analogous to 
one of the synthetic routes described above. In all cases l E NMR and elemental analysis 
were consistent with the proposed structure. 

Synthetic Examples 

1 3) (+-)-Iiam-2,3 > 4,5-Tetrahydro-3-methylo-phenyl- 1 ,4-benzothiazepine-3- 
methanol 1,1 -dioxide, mp 79-80°C; 

14) (+-)-£is-2,3,4,5-Tetrahydroo^ 

methanol 1,1-dioxide hydrochloride 025 hydrate mp 222-224°C; 

1 5) (+->Ir^-4^3-Butyl.3-ethyl«2,3,4,5-tetrahydro- 1 ,4-benzothiazepin-5- 
yl)phenol hydrochloride, mp 234-235°cC(dec); 

1 6) (+->Ii^-5-(4-Ben2yloxyphen 
benzothiazepine-3-methanol, mp 138-143°C; 

17) (+-)-Il^-3-Ethyl-2;3,4,5-te^ 
methanol 1. 1 -dioxide, mp 134-137°C; 

1 8) (+-)-Iranso-EthyI-2,3,4^ >4 _ 
benzothiazepine 1,1-dioxide, mp 151-155°C; 

1 9) ( + ->£ifi-3.E%l-2,3,4,5-tetrahydro-3-butyl-4-hydro^ 1 ,4- 
benzothiazepine 1,1-dioxide, mp 202-205°C; 

20) (+-)-£is-4-(3-Butyl-3-ethyl-2,3,4,5-tetrahydro- 1 ,4-benzothiazepin-5- 
yl)phenol hydrochloride, mp 236-237°C(dec); 

21) (+-)-£i^3-Butyl-3-ethyl-2,3,4,5-tet^^ 
benzothiazepine 1,1-dioxide, mp 163-1 65°C; 

22) (+0-£isO-Ethyl-2J,4,5-tetrahydro-3-(3-hydroxybutyl)>5-phe 
benzothiazepine 1,1-dioxide hydrochloride, mp 206-209°C; 

23) (+->Ii^-3-Ethyl-2 ? 3,4,5-tetnihydro-3-(2(R)-2-hydroxybutyl)-5-(4- 
hydroxyphenyl)-L4-benzothiazepine 1.1 -dioxide, mp 197-198°C; 
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24) (+-)-Iran£o-Ethyl-2,3,4,5-tet^ 
hydroxyphenyl>l,4-benzothiazepine 1,1 -dioxide, mp 178-179°C; 

25) (+-)-Ii2ns-3-Ethyl-2,3,4,5-tetrahydro-5-phenyl- 1 ,4-benzothiazepine-3- 
methanol, mp 104-106°C; 

26) (+-)-£i$-5-(4-Benzyloxyphenyl)-3^ 
benzothiazepine-3-methanol, mp 123-128°C; 

27) (+-V Trans - 1 -(3-Ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrabydro-l ,4- 
ben20thiazepin-3-yl)-2(R>2-butanol S,S-dioxide, mp 130-132°C; 

28) (+->Iian5-M3-Ethyl^^ 
yl>4,4,4-trifluoro-2(R)-2.butanol S,S-dioxide, mp 140-145°C; 

29) (+-)-Irans- 1 -(3-Ethyl-2,3,4,5-tetrahydro-5-phenyl- 1 ,4-benzothiazepin-3- 
yl)-4-fluoro-2-(RS)-2-butanol S,S-dioxide 0.50 hydrate, mp 130-147°C; 

30) f+- VTrans - 1 <3-Ethy 1-2,3 ,4,5-tetrahy dro-5-phenyl- 1 ,4-benzothia2epin-3- 
yl)-4,4,4-trifluoro-2(S>2-butanol S,oxide, mp 159-I61°C; 

31) (+-V Trans - 1 -(3 -Ethyl-2,3 ,4,5-tetrahydro-7-methoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-ylH^,4-trifluoro-2(S>2-butanol S 5 S-dioxide, mp 168- 
170OC; 

32) f+- VTrans - 1 -(3-Ethyl-2,3 5 4,5-tetrahydro-8-methoxy-5-phenyl-l ,4- 
benzothiazepin-3-yI)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide, mp 175-179°C; 

33) (+-)-Trans- 1 -(3-ethyl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l ,4- 
benzothiazepin-3-yl-2(R)-2-butanol S,S-dioxide, mp 156-157°C; 



34) (+-)-Iraj}s-l-(3-Ethyl-2,3,4^ 
beiizothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; 

35) (+-V Trans - 1 -(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-l,4- 
benzothia2epin-3-yl)-3,3,4,4,4-pentafluoro-2-butanol S,S-dioxide; 

36) f+-V Trans -l-(3-Ethyl-2.3.4.5-teirahydro-7.8-dimethoxv-5-phenvl-h4- 
benzothiazepin-3-yl)-3,3,4,4,4-pentafluoro-2-butanol S,S-dioxide; 

37) (+- VTrans -3-fG-ethvl-23A5-te 

hydroxy butyl)-! ,4-benzothiazepin-7-yl)oxy)propanesdfonic acid 1,1-dioxide; 

38) (+-)-ljmiSz3-((3-ethyl-2JA5-^ 



) 
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hydroxybutyl)-L4-ben2othiazepin-8-yl)oxy)propanesulfonic acid 1,1 -dioxide; 

39) (+-XI^O-((3-e^^ 
benzothiazepin-7-yl)oxy)ethyltrimethylamnionium iodide 1,1 -dioxide; 

40) (+-XI^-3-((3-ethyl-2^ 
benzothiazepin-8-yl)oxy)elhyltrimethylammonium iodide 1,1 -dioxide; 

41) (+- vrrans - 1 -(3-EthyI-2,3 ,4,5-tetrahydro-7 5 8-diethoxy-5-phenyl-l ,4- 
benzotbia2epin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; 

42) (+-)-Imas-3-((3-ethyl-2,3,4,5-tetrahydix>-5^ 

hydroxybutyl)-! ,4-benzothiazepin-7-yl)oxy)ethyltrimethylammoiu iodide 
1,1-dioxide 

43) (+-)-Ii^-3-((3-ethyl-2,3,4 5 5-tetrahydro-5-phen^^ 

hydroxybutyl)- 1 ,4-ben2othiazepin-8-yl)oxy)ethyltrimethylaimnoiu^ iodide 
1,1-dioxide; 

44) (+->Il^O-((3-ethyl^ 
benzothia2epin-8-yl)oxy)propanesulfonic acid 1,1-dioxide; 

45) (+-XI^-3-((3-ethyl-2^ 
benzothiazepin-7-yl)oxy)propanesulfoiric acid 1,1-dioxide; 

46) (+->Ii^-l-(3-ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5-phen^ 
benzothiazepin-3-yl)-2-butanol S,S-dioxide; 

47) (+-)-Ii^-l-(3-(2.2^ 

phenyl- 1 ,4-benzothia2epin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; 

48) (+->Iian^-l-(3-(2^^-trifluoroethyl)-2,3,4,5-tetr^ 

phenyl- 1 ,4-ben20thiazepin-3-yl)-4>4,4-trifluoro-2-butanol S,S-dioxide; 

49) (+-)-Iran^-l-(3-Ethyl-2^,4,5-tetrahydro-9-methoxy-5-pheny 
benzothia2epin-3-yl)-4 J 4,4-trifluoro-2-butanol S,S-dioxide; 

50) (+->Irans- 1 -(3 -ethy 1-2,3 ,4,5 -tetrahydro-9-methoxy-5 -phenyl- 1 ,4- 
benzothiazepin-3-yl)-2-butanol S,S-dioxide; 

5 1 ) (-f-V Trans -1 -(3-Ethyl-23,4,5-tetrahydro-7,8-dihydroxy-5-phenyl- 1 ,4- 
ben2othiazepin-3-yl)-4»4,4-trifluoro-2-butanol S,S-dioxide; 

52) (+-V Trans - 1 -(3-ethyl-2.3 ,4 ; 5-tetrahydro-8-methoxy-5-pheny 1- 1 ,4- 
benzothiazepin-3-yl)-l-buianoI S ? S-dioxide; 
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53) (+-)-Irins-l-(3-ethyl-2 f 3,4,5-tetrahydro-7,8-dm 
benzothiazepin-3-yl)- 1-butanol S,S-dioxide; 

54) (+.).Iians4<3-Ethyl-2^,4,5-tetrahydro-7,8-dih^ 
benzothiazepin-3-yl)-2-butanol S,S-dioxide; 

55) (+-)-Trans- 1 -<3-ethyl-2,3,4,5-tetrahydro-8-methoxyo-phenyl-l ,4- 
benzothiazepin-3-y 1M A^tnAuoro- 1 -butanol S,S-dioxide; 

56) (+->Trans-H3-ethyl-2,3,4,5-tetr^^ 
benzothiazepin-3-yl)-4,4,4-trifluoro-l -butanol S,S-dioxide 

57) (+->3^4^3-Ethyl-2,3,4^ 
benzothiazepin-3-yl)-2-butanone S,S-dioxide 

Pham^giriical Composition Examples 

In the following Examples, the active compound can be any compound of formula (I) 
and/or a pharmaceutical^ acceptable salt, solvate, or physiologically functional 
derivative thereof. The active compound is preferably one of the compounds of 
synthetic examples 1 to 63 

(i) Tablet compositions 

The following compositions A and B can be prepared by wet granulation of 
ingredients (a) to (c) and (a) to (d) with a solution of povidone, followed by addition 
of the magnesium stearate and compression. 



Composition A 








mg/tablet 


mgAahtet 


(a) Active ingredient 


250 


250 


(b) Lactose B.P. 


210 


26 


(c) Sodium Starch Glycollate 


20 


12 


(d) Povidone B.P. 


15 


9 


(e) Magnesium Stearate 


.5. 


_1 




500 


300 



Composition B 



rog/tablet 



mg/tablet 
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00 


Active ingredient 


250 


250 


(b) 


Lactose 


150. 


150 


(c) 


Avicel PH 101 


60 


26 


(d) 


Sodium Starch Giycollate 


20 


12 


(e) 


Povidone B.P. 


15 


9 


(f) 


Magnesium Stearate 


-i 


_i 






500 


300 



Composition C 

mg/tablet 



Active ingredient 100 
Lactose 200 
Starch 50 
Povidone 5 
Magnesium Stearate . _4 

359 



The following compositions D and E can be prepared by direct compression of the admixed 
ingredients. The lactose used in composition E is of the direct compression type. 

Composition T) 



Active ingredient 250 
Magnesium Stearate 4 
Pregelatinised Starch NF15 146 

400 

Composition E 

Active ingredient 250 
Magnesium Stearate 5 
Lactose 145 
Avicel JLQQ 

500 



WO 94/18184 



PCT/GB94/00314 



54 



Compositor F (Controlled release composition) 



rag/tablet 



(a) Active ingredient 

(b) Hydroxypropylmethylcellulose 



500 



112 



(Methocel K4M Premium) 

(c) Lactose B.P. 

(d) Povidone B.P.C. 

(e) Magnesium Stearate 



53 
28 
JL 
700 



The composition can be prepared by wet granulation of ingredients (a) to (c) with a solution 
of povidone, followed by addition of the magnesium stearate and compression. 

Composition G fEnteric-coated tablets 

Enteric-coated tablets of Composition C can be prepared by coating the tablets with 
25mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate 
phthalate, hydroxypropylmethyl-cellulose phthalate, or anionic polymers of methacrylic acid 
and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these polymers 
should also include 10% (by weight of the quantity of polymer used) of a plasticizer to 
prevent membrane cracking during application or on storage. Suitable plasticizers include 
diethyl phthalate, tributyl citrate and triacetin. 

Composition H fEnteric-coated control led release tablefl 

Enteric-coated tablets of Composition F can be prepared by coating the tablets with 
50mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate 
phthalate, hydroxypropylmethyl-cellulose phthalate, or anionic polymers of methaciylic acid 
and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these polymers 
should also include 10% (by weight of the quantity of polymer used) of a plasticizer to 
prevent membrane cracking during application or on storage. Suitable plasticizers include 
diethyl phthalate, tributyl citrate and triacetin. 

(ii) Capsule pomposuions 
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Composition A 

Capsules can be prepared by admixing the ingredients of Composition D above and filling 
two-part hard gelatin capsules with the resulting mixture. Composition B (infe) can be 
prepared in a similar manner. 



Composition B 



mgfapsufc 



(a) Active ingredient 

(b) Lactose B.P. 

(c) Sodium Starch Glycollate 

(d) Magnesium Stearate 



250 

143 

25 

-2 

420 



Composition C 



mg/capsyte 



(a) Active ingredient 

(b) Macrogol 4000 BP 



250 

m 

600 



Capsules can be prepared by melting the Macrogol 4000 BP, 'dispersing the active ingredient 
in the melt and filling two-part hard gelatin capsules therewith. 



Composition P 

Active ingredient 
Lecithin 
Arachis Oil 



mg&apsrig 

250 
100 
100 
450 



Capsules can be prepared by dispersing the active ingredient in the lecithin and arachis oil 
and filling soft, elastic gelatin capsules with the dispersion. 



Composition E f Controlled release capsuled 

mg/capstile 
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(a) Active ingredient 250 

(b) Microcrystalline Cellulose 125 

(c) Lactose BP 125 

(d) Ethyl Cellulose 

513 

The controlled release capsule formulation can be prepared by extruding mixed ingredients 
(a) to (c) using an extruder, then spheronising and drying the extrudate. The dried pellets are 
coated with a release controlling membrane (d) and filled into two-part, hard gelatin 
capsules. 

Composition F fEnteric capsnl^) 

mg/capsulg 



(a) 


Active ingredient 


250 


(b) 


Microcrystalline Cellulose 


125 


(c) 


Lactose BP 


125 


(d) 


Cellulose Acetate Phthalate 


50 


(e) 


Diethyl Phthalate 


_S 

555 



The enteric capsule composition can be prepared by extruding mixed ingredients (a) to (c) 
using an extruder, then spheronising and drying the extrudate. The dried pellets are coated 
with an enteric membrane (d) containing a plasticizer (e) and filled into two-part, hard 
gelatin capsules. 



Composition G fEnteric-coated controlle d release capsuled 

Enteric capsules of Composition E can be prepared by coating the controlled-release pellets 
with 50mg/capsule of an enteric polymer such as cellulose acetate phthalate, 
polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate, or anionic polymers of 
methacrylic acid and methacrylic acid methyl ester (Eudgragit L). Except for Eudragit L, 
these polymers should also include 10% (by weight of the quantity of polymer used) of a 
plasticizer to prevent membrane cracking during application or on storage. Suitable 
plasticizers include diethyl phthalate, tributyl citrate and triacetin. 
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("i) Intravenous injection composition 

Active ingredient 0.2G0g 
Sterile, pyrogen-free phosphate buffer (pH 9.0) to 1 0 ml 

The active ingredient is dissolved in most of the phosphate buffer at 35-40°C, then made up 
to volume and filtered through a sterile micropore filter into sterile 10 ml glass vials (Type 
1) which are sealed with sterile closures and overseals. 

(iv) Intramuscular injection compo^on 



Active ingredient 0.20 g 

Benzyl Alcohol 0.10 g 

Glycofurol75 1.45 g 

Water for Injection q.s.to 3.00 ml 



The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then added and 
dissolved, and water added to 3 ml. The mixture is then filtered through a sterile micropore 
filter and sealed in sterile 3 ml glass vials (Type 1). 

(v) Svrup composition, 



Active ingredient 0.25g 

Sorbitol Solution i.50g 

Glycerol i.00g 

Sodium Benzoate O.OOSg 

Flavour 0.0125ml 

Purified Water q.s. to 5.0ml 



The sodium benzoate is dissolved in a portion of the purified water and the sorbitol solution 
added. The active ingredient is added and dissolved. The resulting solution is mixed with 
the glycerol and then made up to the required volume with the purified water. 

(vi) Suppository composition 

mg/suppositon; 
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Active ingredient 250 
Hard Fat, BP (Witepsol H15 - Dynamit NoBel) 122Q 

2020 

o 

One-fifth of the Witepsol H15 is melted in a steam-jacketed pan at 45 C maximum. The 

active ingredient is sifted through a 2001m sieve and added to the molten base with mixing, 

using a Silverson fitted with a cutting head, until a smooth dispersion is achieved 

o 

Maintaining the mixture at 45 C, the remaining Witepsol H15 is added to the suspension 

which is stirred to ensure a homogenous mix. The entire suspension is then passed through 

o 

a 2501m stainless steel screen and, with continuous stirring, allowed to cool to 40 C At a 
o 

temperature of 38-40 C, 2.02g aliquots of the mixture are filled into suitable plastic moulds 
and the suppositories allowed to cool to room temperature. 

(vii) Esssay. composition 

mg/presarv 



Active ingredient (631m) 250 
Anhydrous Dextrose 380 
. Potato Starch 363 
Magnesium Stearate _2 

1000 



The above ingredients are mixed directly and pessaries prepared by compression of the 
resulting mixture. 

(viii) Transdermal composition 

Active ingredient 200mg 
Alcohol USP 0.1ml 
Hydroxyethyl cellulose 

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and packed in 
a transdermal device with a surface area of 1 0 cm2. 

Biological A?say 



In vitro inhibition of bile acid uptake 
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Freshly prepared rat distal ileal brush border membrane vesicles (about 200mg vesicle 
protein) were incubated for 30 seconds at 24°C in an incubation mixture comprising 101M 
3 H taurocholate, lOOmM NaCl (or KC1) and 80mM mannitol in 20mM Hepes Tris pH 7.4. 
Each test compound was dissolved in ethanol (or water) and then diluted with incubation 
mixture to an ethanol concentration of not more than 1% v/v. The incubation was 
terminated by rapid dilution and filtration and the filter washed with an ice-cold isotonic 
sodium-free buffer. 

The uptake of taurocholate was measured by the radioactivity remaining on the filter and 
converted to pmoles/mg vesicle protein. The active, k sodium-dependent, uptake was 
obtained by subtracting the passive uptake measured in lOOmM KC1 from the total uptake 
measured in lOOmM NaCl. The active uptake for each test compound was compared with a 
control active uptake and the results expressed as % inhibition of bile acid uptake. 

Data is given below for % inhibition of bile acid uptake at various concentrations of 
compounds of the invention. 



Example 



lQnM 



2m 



luM. 



Q,3uM 



11 
12 



85 
95 
83 
96 
69 
70 
27 
23- 



63 
86 
60 
79 
36 
51 
16 



31 
72 
44 
41 



13 
47 
22 
23 



2 



10 
1 
8 
9 

24 



31 
15 



19 
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CLAIMS 

1 . A compound of formula (I): 



Wherein 




(D 



1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy, 
aiyl, heteroaryl, aiyloxy, arylalkoxy, aralkyl, alkaryL, -0(CH2) p S03R 1 1, 
-OCCH^pNRUR 12 , -OCCH^pN^R^R^Rl^ -COR 11 , -C0 2 R n , 
-CONR 1 1R12 -CH 2 ORl 1, -NR 1 ! R 12 -NHCOR 11 , -NHSO2R 1 K -SR 1 1, 
-SO2R 1 1 , -SO2NR 1 l R 12 and -SO3R 1 1 or R is a group -OCH2O- which forms a 
further ring attached to X wherein p is an integer of from 1 to 4, R 1 1 R 12 are 
independently selected from hydrogen, alkyl and phenyl and R 14 is hydrogen 
or C 1.5 alkyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups 
selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -COR 1 ^ -CO2R 1 *, 
-SO3R 1 1 wherein R 1 1 is as hereinbefore defined and -NR 14 R 15 wherein R 1 4 is as 
hereinbefore defined and R 1 5 is hydrogen or Cj_6 a^ 1 

R 1 is hydrogen or C^g alkyl; 

R 2 is an atom or group selected from hydrogen, C^g alkyl (including cycloalkyl 
and cycloalkylalkyl), C^ alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, 
phenyl and naphthyl, which groups are optionally substituted by one or more atoms 
or groups independently selected from halogen, cyano, hydroxy, nitro, carboxyl, 
phenyl, phenoxy, benzyloxy, -COR 1 1 , -CO2R 1 *, -CONR 1 ] R 12 , -CH2OR 1 1, 
-NR"Rl2 -NHCOR 11 , -NHS0 2 R n , -SR 11 , -S0 2 R H , -SO3R 11 (wherein R 11 
and R 12 are as hereinbefore defined), -OCH 2 ) p NR 1 l R n 9 -0(CH2) N+R 1 1r12r13 
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and -0(CH 2 ) SO3RH (wherein p, RU and R*2 are as hereinbefore defined and 
Rl3 is hydrogen or C^g alkyl); 

R 3 is hydrogen, hydroxy Cj^ alkyl, alkoxy or -0-Ci.g Acyl; 

R 4 is a group independently selected from C^g alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 _ 6 alkenyl, and C 2 _ 6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, -OR* 4 -C0 2 R 14 , -NR14R15, . S Rl 4 , -S(0)Ci_ 6 alkyl, -SO2R 14 and -SO3RI 4 
(wherein R 14 and R 15 are as hereinbefore defined ); 

R 5 is a group independently selected from C 2 -6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 .g alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, -OR* 4 , -C0 2 Rl 4 -NRl 4 Rl5 -SR 14 , -S(0)Ci^ alkyl, -SC^R* 4 and -SO3RI 4 
(wherein R* 4 and R*5 are as hereinbefore defined); 

or R 4 and R 5 , together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or 
groups independently selected from halogen, -OR 14 , -C0 2 R 14 -SO3R 14 and 
-NR* 4 Rl5 (wherein R 14 and Rl5 

are as hereinbefore defined); 

R 6 and R? are independently selected from hydrogen and Cj.g alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system 

having from 5 to 10 carbon atoms (including the two carbon atoms forming 
part of the thiazepine ring) wherein optionally one or more of the carbon 
atoms is/are replaced by heteroatom(s) independently selected from nitrogen, 
oxygen and sulphur, 

with the proviso that at least one of R, R2 f r4 and r5 j s hydroxy or a group 
containing hydroxy; 

and salts, solvates and physiologically functional derivatives thereof. 



2. 



A compound as claimed in Claim 1 wherein: 
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lis 0,1, or 2; 
n is 1 or 2; and 

R 1 , R 6 and R 7 are all hydrogen; and 
R 3 is hydrogen or hydroxy 
3. A compound as claimed in Claim 2 which is a trans isomer wherein: 

(a) lisOorl; 
n is 2; and 

R 4 and R5 are groups independently selected from alkyl (including cycloalkyl 
and cycloalkylalkyl), C 2 _ 6 alkenyl and C 2 . 6 alkynyl, wherein said alkyl, alkenyl, or 
alkynyl group may be substituted by one or more hydroxy groups, or R 4 and R5, 
together with- the carbon atom to which they are attached, form a C3.7 spiro 
cycloalkyl group which can be substituted by one or more hydroxy groups; or 

(b) lisOorl; 
nis 2; 

R 2 is a phenyl group which may be substituted by one or more atoms or groups 
independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -CORl 1, -CO2R 1 ! , -CONRl lRl2 .CH2ORI 1 , 
-NR»R12 -NHCORll, -NHSC^rH -SRH, -S0 2 R", -SO3RH (wherein Rll 
and Rl2 are independendy selected from hydrogen, alkyl and phenyl), 
-0(CH 2 ) p NRHRl2 . 0 (CH 2 ) NR + Hr12r13 and - 0 (CH2) SO3RII (wherein p 
is an integer of from 1 to 4, $ 1 and Rl2 are as hereinbefore defined and Rl3 i s 
hydrogen or C 1.6 alkyl); 

R 4 and R* are groups independently selected from alkyl (including cycloalkyl 
and cycloalkylalkyl), C 2 . 6 alkenyl and C 2 . 6 alkynyl, wherein said alkyl, alkenyl, or 
alkynyl group may be substituted by one or more hydroxy groups, or R 4 and R5 
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together with the carbon atom to which they are attached, form a C3.7 spiro 
cycloalkyl group which can be substituted by one or more hydroxy groups; or 

(c) lisOorl: 
nis2; 

» 

R 2 is a phenyl group which may be substituted by one or more atoms or groups 
independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -COR 1 1, -CO2R 1 \ -CONRl 1r12 -CH2ORI 1, 
-NR"R12 .NHCORH, -NHSO2R 11 , -SR^, -SO2R 11 , -SO3RH (wherein RH 
and Rl2 are independently selected from hydrogen, C^g alkyl and phenyl), - 
0(CH2) p NRllRl2 - 0 (CH2) NR+"r12r13 and-0(CH2) SO3RII (wherein pis 
an integer of from 1 to 4, ifll and R*2 are as hereinbefore defined and Rl3 i s 
hydrogen or alkyl); 

R 4 and R5 are groups independently selected from C\_$ alkyl (including cycloalkyl 
and cycloalkylalkyl), C 2 -6 alkenyl and C2-6 alkynyl, which groups can be 
substituted by one or more hydroxy groups; and 

X is a fused phenyl, naphthyl, pyrryl, thienyl, or pyridyl group; 

A compound as claimed in Claim 1 which is: 

(+-)-trans-3-ethy^ 
benzodiazepine 1,1 -dioxide; 

(+->trans- 1 -(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1 ,4-benzothiazepin-3- 
yl-2(R)-2-butanol S.S-dioxide; 
(+->trans-l-(3^thyl-2,3,4,^ 
yI)-3-butanol S,S-dioxide; 

(+-)-trans-l -(3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl- 1 ,4-benzothiazepin-3- 
yl)-2(R)-2-butanol S,S-dioxide; 

(+-)-trans-l-(3-ethyl-5-(4-fluorophenyl)-2,3,4,5-tetrahydro-7-methoxy-l,^ 
benzothiazepin-3-yI)-2(R)-2-butanol S,S-dioxide; 

(+-)-trans- 1 -(3-ethyi-5-(4-hydroxyphenyl)-2,3 ,4,5- tetrahydro- 1 ,4-benzothiazepin-3- 
yl)-2(R)-2-butanol S.S-dioxide 0.5 hydrate: 
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(+-)-trans-3-butyl-3-ethyl-2 ? 3 ,4 ? 5-teirahydro-5-<4-hydroxyphenyl)-l ,4- 

benzothiazepine 1,1 -dioxide hydrochloride; 

(H-cis-3-eihyl-2,3,4,5-tetrahydro-3-(4-hydroxybutyl>5-phenyl-l,4- 

benzothiazepine 1,1 -dioxide hydrochloride; 

(+-)-trans-3-ethy]-23 s 4,5-tetrahydro-3-(4-hydroxybutyl> 

benzothiazepine 1,1 -dioxide; 

(+-)-trans-3-butyI-3-ethyl^ 

benzothiazepine 1,1 dioxide; 

(+-)-trans-l-(3-ethyl-2,3^ 

trifluoro-(2S>2-butanol- S,S-dioxide; 

(+-)-trans-l -(3-ethyl-2,3,4,5-tetrahydro-7-methoxy-5-phenyl-l ,4-benzothiazepin-3- 

yl)-4,4,4-trifluoro-(2S>2-butanol-S,S-dioxide; 

(+-)-tnuis-3-E%l-2,3,4,5-tetrah^ 

benzothiazepine 1,1 -dioxide; 

(+-)-trans-3-Ethyl-2,3,4,5^ 

hydroxyphenyl)-l,4-benzothiazepine 1,1 -dioxide; 

(+-)-trans-l-(3-Ethyl-5-(4-fluorophenyl)-23,4,5-tetrahydro-l,4- 

benzothiazepin-3-yl)-2(R)-2-butanol S,S-dioxide; 

(+-)-trans-l -{3 -Ethy 1-2,3 ,4,5-tetrahydro-7-methoxy-5-phenyI-l ,4 

benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-2-butanol S,S-dioxide; 

(+-)-trans-l-(3-Ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl-l,4- 

benzothiazepin-3-yl)-4,4,4-trifluoro-2(S)-butanol S,S-dioxide; 

(+->trans-l-(3-ethyl-23,4,5-teti^ydro-7 J 8-dimethoxy-5-phenyl-l, 4- 

benzothiazepin-3-yl-2(R)-2-butanol S,S dioxide; 

(+->trans-l-(3-Ethyl-2,3,4,5-tetrahydro-7,8-dimethox>-5-ph^ 

benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; 

(+->trans- 1 -(3-Ethyl-2,3 ,4,5-tetrahydro-7,8-dimethoxy-5-phenyl- 1 ,4- 

benzothiazepin-3-yl)-3,3,4.4,4-pentafluoro-2-butanol S,S-dioxide; 

(+-)- trans-3-((3-ethyI-2,3,4,5-teti^yckoo-phenyl-3-(4 5 4 } 4-trifluoro-2- 

hydroxybutyI)-l,4-benzothiazepin-8-yl)oxy)propanesulfonicacid 1, 1 -dioxide; 

(+-)-trans-3-((3-ethyl-2,3,4,5-teti^ 

benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide 1, 1 -dioxide; 
(+-)-trans- 1 -(3-Ethyl-2,3,4,5-tetrahydro-7.8-diethoxy-5-phenyl-l ,4- 
benzothiazepin-3-yl)-4 ? 4,4-trifluoro-2-butanol S,S-dioxide; 
(+-)-trans-3-((3-ethyI-2J ? 4.5-tetrahydro-5-phenyl-3(4,4,4-trifluoro-2- 
hydroxybutyl> 1 .4-benzothiazepin-8-yl)oxy)ethyltrimethylammonium iodide 
1.1 -dioxide: 
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(+-)-trans-3-((3-ethyl-2,3 ,4 ,5-tetrahy dro-3-(2-hydroxybuty l)-5-pheny 1- 1 ,4- 
benzothiazepin-8-yl)oxy)propanesulfonic acid 1 , 1 -dioxide; 
(+-)-trans-l-(3-ethyl-2,3,4,5-tetraty 
benzothiazepin-3-yl)-2-butanol S ,S-dioxide; 
(+-)-trra-l-(3-(2,2,2-trifluoroetty^ 

phenyl- 1 ,4-benzothiazepin-3-ylH ? 4 ^^fl TOI ^2-butanol S,S-dioxide; 

(+->trans-l-(3-Ethyl-2,3,4,5-te^^ 

benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanol S,S-dioxide; 

(+->trans- 1 -(3-ethyl-23 ,4^^ 

benzothiazepin-3-yl)-l -butanol S,S-dioxide; 

(+-)-trans-l-(3-Ethyl-2,3,4,5-te^ 

benzothiazepin-3-yl>2-butanol S,S-dioxide; 

(+->trans- 1 -(3-ethyl-2,3,4,5-tetrahydro-8-methoxy-5-phenyl- 1 ,4- 

benzothiazepin-3-yl>4>4,4-trifluoro-l -butanol S,S-dioxide; or 

(+-)-trans-l-(3-ethyl-2,3,4,5-tet^ 

benzothiazepin-3-yl>2-butanone S,S-dioxide 

5. A compound, as claimed in claim 1 of the formula (la) 



1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy, 
aryL heteroaryl, aryloxy, arylalkoxy, aralkyl, alkaryl, -COR 1 1, -CO2R 1 
-CONR^R 1 *, -CH2OR 11 , -NR"Rl2 t -NHCOR 11 , -NHS0 2 R n , -SR 11 , -SO2R 11 
and -SO3RI 1 wherein R 1 1 and R 1 ^ are independently selected from hydrogen, C]_6 
alkyl and phenyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups 
selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, .-COR 11 , -CO2R 11 , - 




wherein 
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SO3R 11 wherein R 11 is as hereinbefore defined and -NR 14 R 15 wherein Rl4 and 
are as hereinbefore defined: 

R* is hydrogen or C]_6 alkyl; 

R2 is an atom or group selected from hydrogen, C\_$ alkyl (including cycloalkyl and 
cycloalkylalkyl), C]_4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano, hydroxy, nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -COR", -C0 2 Rl \ -CONR* 1r12 -CH 2 ORl 1 , -NR* 1r12, 
-NHCORll, -NHSO2RH, -SR 11 , -S0 2 R n , -SO3R 11 (wherein R" and Rl2 are 
independently selected from hydrogen, C]_6 alkyl and phenyl), -0(CH2) NRl iR* 2 , 
-0(CH 2 ) N^RHR^rH and -0(CH 2 ) SO3RU (wherein p is an integer of from 1 
to 4, Rl l*and Rl2 are as hereinbefore defined and Rl3 is hydrogen or Cj-g alkyl); 

R3 is selected from hydrogen, hydroxy and Ci_6 alkyl; 

R 4 is a group independently selected from C]^ alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 .6 alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
. -OR14 -CC^R* 4 -NRHrIS ^ .SO3R 14 (wherein Rl 4 and R*5 are independently 
selected from hydrogen and C^g alkyl); 

R5 is a group independently selected from C 2 .g alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 .g alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
-ORl 4 -C0 2 Rl 4 , -NR 14 R 15 and -SO3RI 4 (wherein R J4 and R*5 are independently 
selected from hydrogen and C]_6 alkyl); 

or R 4 and R^, together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, -ORl 4 , -C0 2 Rl 4 , -SO3R 14 and -NRl 4 Rl 5 
(where R i4 and R* 5 are as hereinbefore defined; 

R 6 and R 7 are independently selected from hydrogen and Cj^g.alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system 
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having from 5 to 10 carbon atoms (including the two carbon atoms forming part of 
the thiazepine ring) wherein optionally one or more of the carbon atoms is/are 
replaced by heteroatom(s) independently selected from nitrogen, oxygen and sulphur, 

with the proviso that at least one of R, R 2 , R 4 and R 5 is hydroxy or a group 
containing hydroxy; 

and salts, solvates and physiologically functional derivatives thereof. 
6. A compound of formula (I): 




CD 



wherein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, hydroxy, nitro, alkyl, alkoxy, 
aryl, heteroaiyl, aryloxy, arylalkoxy, aralkyl, alkaryl, -0(CH2) p SO3Rl 1, 
-0(CH2)pNRllRl2 -OCC^pN+RHR^RM -CORn-CC^R 11 , 
-CONRUr12 -CH 2 ORll, -NR*1r12 .nhcorii, -NHSO2RII, -SRH, 
-SO2R 1 1 -S0 2 NRl 1r12 and -SO3R 1 1 or R is a group -OCH 2 0- which forms a 
further ring attached to X wherein p is an integer of from 1 to 4, R* 1 and R*2 are 
independently selected from hydrogen, alkyl and phenyl and R 14 is hydrogen 
or Ci-6 alkyl, wherein said alkyl, alkoxy, aryl, heteroaiyl, aryloxy, arylalkoxy, 
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, hydroxy, nitro, nitrile, alkyl, alkoxy, -CORl 1, 
-CCbR 1 -SO3R 1 1 wherein R l 1 is as hereinbefore defined and -NRl 4 R*5 w h er ein 
R 14 is as hereinbefore defind and R 15 is hydrogen or Cj.g alkyl; 



4 
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R 1 is hydrogen or Cj.g alkyl; 

R2 is an atom or group selected from hydrogen, Cj.g alkyl (including cycloalkyl 
and cycloalkylalkyl), C]_4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, 
phenyl and naphthyl, which groups are optionally substituted by one or more atoms 
or groups independently selected from halogen, cyano, hydroxy, nitro, carboxyl, 
phenyl, phenoxy, benzyloxy, -COR* 1, -CC^R 1 ! , -CONR* 1r12 -CH 2 ORl 1, 
-NRHr12 -NHCORll, -NHS0 2 R n , -SR^, -SC^R 11 , -SO3RU (wherein RH 
and Rl2 are independently selected from hydrogen, Cj.6 alkyl and phenyl), 
-0(CH 2 ) NRllRl2 -0(CH2) N+RHr^rH and-0(CH2) S03Rn (wherein p is 
an integer of from 1 to 4, rFi and Rl2 are as hereinbefore defined and Rl3 is 
hydrogen or C 1 .g alkyl); 

R3 is hydrogen, hydroxy alkyl, alkoxy or -O-Cj-g Acyl; 

R 4 is a group independently selected from Ci_g alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 .6 alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, -OR* 4 , -CO^ 4 , -NR14R15 -SR* 4 , -S(0)Ci. 6 alkyl, -SC^R* 4 and -SO3RI 4 
(wherein Rl 4 andRl5 are as hereinbefore defined); 

is a group independently selected from C 2 _g alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 .g alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, -ORI 4 , -CO^ 4 , -NR14R15, -SR^-S^C^ alkyl, -SC^R* 4 and -SO3RI 4 
(wherein R 14 and R 15 are as hereinbefore defined); 

or R 4 andR 5 . together with the carbon atom to which they are attached, form a 
spiro cycloalkyl group which is optionally substituted by one or more atoms or 
groups independently selected from halogen, -OR 14 , -C0 2 R 14 , -SO3R 14 and 
-NR 14 Rl5 (where R 14 and R 15 are as hereinbefore defined; 

R6 and R? are independently selected from hydrogen and C^g alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system 
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having from 5 to 10 carbon atoms (including the two carbon atoms forming 
part of the thiazepine ring) wherein optionally one or more of the carbon 
atoms is/are replaced by heteroatom(s) independently selected from nitrogen, 
oxygen and sulphur; 

with the proviso that at least one of R, R 2 , R 4 and R 5 is hydroxy or a group 
containing hydroxy; 

and salts, solvates and physiologically functional derivatives thereof, for use in the 
prophylaxis or treatment of clinical conditions for which a bile acid uptake inhibitor 
in indicated. 

7. A compound as claimed in claim 6 for use in the prophylaxis or treatment of clinical 
conditions for which a bile acid uptake inhibitor is indicated. 

8. A compound as claimed in Claim 7 for use in the prophylaxis or treatment of 
atherosclerosis. 

9. A p h a rmac eutical formulation comprising a compound of formula (I) as defined in 
Claim 1, or of formula (la) as defined in claim 5 together with one or more 
pharmaceutically acceptable carriers and, optionally, one or more other 
physiologically active agents. 

10. A pharmaceutical formulation as claimed in Claim 9 wherein the compound of 
formula (I) or (la) is as defined in any one of Claim 2 to 4. 

11. The use of a compound as claimed in any one of Claims 1 to 5 in the manufacture of 
a medicament for the prophylaxis or treatment of a clinical condition for which a 
bite acid uptake inhibitor is indicated. 

12. The use as claimed in Claim 1 1 wherein the medicament is for the prophylaxis or 
treatment of atherosclerosis. 



13. 



A process for the preparation of a compound as claimed in Claim 1 which comprises 
at least the step of: 
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Wherein n =o and R* and R3 are hydrogen, reducing the inline bond of a 
compound of formula (II): 

(II) 




wherein 1, R, R2, r4 to R 7 and X are as hereinbefore defined: 



or 



wherein n=o and R 1 is not hydrogen, by alkylation of the corresponding 
compound of formula (II); or 

wherein n=o and R 3 is hydrogen, by cyclising a compound of formula 
(VIII): C 




/V 

wherein 1, R, R2, r4 t0 R 7 and X are as hereinbefore defined and is 
halogen, by treatment with a strong base; or 

wherein n=o and R 1 and R 3 are both hydrogen, alkylating a compound of 
formula (XIII) 

r 

ft* 

(XUI) 




wherein 1, R, R 2 , R 4 to R 7 and X are as hereinbefore defined; or 
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. (e) by reaction of a compound of formula (I) wherein R 4 is C2^6 alkenyl with 
gaseous hydrogen halide to give the corresponding compound of formula (I) 
wherein R 4 is halogen substituted C2-6 alkyl, optionally followed by a 
hydrolysis step using H2O2 to give the corresponding compound of formula 
(I) wherein R 4 is hydroxy substituted C2-6 alkyl; or 

(f) by reduction and hydroxylation of a compound of formula (II) wherein R 4 is 
C2-6 alkenyl; or 

(g) by hydrogenation of a compound of formula (II) wherein R 4 is hydroxy 
substituted C2-6 alkenyl; or 

(h) by debenzylation of a compound of formula (I) wherein R^ is 
benzyloxyphenyl; or 

(i) wherein n=o and R 3 is not hydrogen, by N-alkylation of the corresponding 
compound of formula (II) with an alkyl halide, followed by reduction to a 
compound of formula (I); or 

0) wherein n is 1 or 2 oxidation of the corresponding compound of formula (I) 
wherein n is o; or 

(k) wherein n is 1 or 2, oxidation of the corresponding compound of formula (II) 
wherein n is 0 prior to cyclisation and reduction to the compound of formula 

(I). 

14. A method of inhibiting the absorption of bile acids from the intestine of a mammal, 
such as a human, which comprises administering an effective bile acid absorption 
inhibiting amount of a compound of formula (I) as defined in claim 1, or of formula 
(la) as defined in claim 5, or of a pharmaceutical^ acceptable salt, solvate, or 
physiologically functional derivative thereof to the mammal, 

15. A method of reducing the blood plasma or serum concentrations of LDL and VLDL 
cholesterol in a mammal, such as a human, which comprises administering an 
effective cholesterol reducing amount of a compound of formula (I), as defined in 
claim 1, or of formula (la) as defined in claim 5, or of a pharmaceutical^ acceptable 
salt solvate, or physiologically functional derivative thereof to the mammal. 
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16. A method of reducing the concentrations of cholesterol and cholesterol ester in the 
blood plasma or serum of a mammal, such as a human, which comprises 
administering an effective cholesterol and cholesterol ester reducing amount of a 
compound of formula (I), as defined in claim 1, or of formula (la) as defined in 
claim 5, or of a pharmaceutical^ acceptable salt, solvate, or physiologically 
funtional derivative thereof to the mammal. 



17. A method of increasing the faecal excretion of bile acids in a mammal, such as a 
human, which comprises administering an effective bile acid faecal excretion 
increasing amount of a compound of formula (I), as defined in claim 1, or of formula 
(la) as defined in claim 5, or of a phannaceutically acceptable sit, solvate, or 
physiologically functional derivative thereof to the mammal 

18. A method for the prophylaxis or treatment of a clinical condition in a mammal such 
as a human, for which a bile acid uptake inhibitor is indicated, for example a 
hyperlipidaemic condition, such as atherosclerosis, which comprises administering a 
therapeutically effective amount of a compound of formula (I), as defined in claim 1, 
or of formula (la) as defined in claim 5, or of a phannaceutically acceptalbe salt, 
solvate, or physiologically funtional derivative thereof to the mammal. 

19. A method of reducing the incidence of coronary heart disease-related events in a 
mammal, such as a human, which comprises administering an effective coronary 
heart disease-related events reducing amount of a compound of formula (I), as 
defined in claim 1, or of formula (la) as defined in claim 5, or of a phannaceutically 
acceptable salt, solvate or physiologically funtional derivative thereof. 

20. A method of reducing the concentration of cholesterol in the blood plasma or serum 
of a mammal, such as a human, which comprises administering an effective 
cholesterol reducing amount of a compound of formula (I), as defined in claim 1, or 
of formula (la) as defined in claim 5. 
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